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XXIV. An Account of the Meafurement of a Bafe on Hoiuiflow 
Heath. By Major-General William Roy, F.R.S. and A.S. 


Read from April 21 to June 16, 1785. 

I N T R O D U C T I O N. 

A CCURATE furveys of a country are univerfally ad¬ 
mitted to be works of great public utility, as affording 
the fureft foundation for almoft every kind of internal improve¬ 
ment in time of peace, and the belt means of forming judi¬ 
cious plans of defence againft the invafions of an enemy in 
time of war, in which laft circumftances their importance 
ufually becomes the moft apparent. Hence it happens, that if 
a country has not actually been furveyed, or is but little known, 
a hate of warfare generally produces the firft improvements in 
its geography: for in the various movements of armies in the 
field, efpecially if the theatre of war be extendve, each indi¬ 
vidual officer has repeated opportunities of contributing, 
according to his fituation, more or lefs towards its per¬ 
fection ; and thefe obfervations being ultimately collected, a 
map is fent forth into the world, confiderably improved indeed, 
but which, being ftili defective, points out the neceffity of 
fomething more accurate being undertaken, when times and 
circumftances may favour the defign. 

The rife and progrefs of the rebellion which broke out in 
the Highlands of Scotland in 1745, and which was finally fup- 
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preffed, by his Royal Highnefs the late Duke of Cumberland, at 
the battle of Culloden in the following year, convinced Go¬ 
vernment of what infinite importance it would be to the State, 
that a country, fo very inacceffible by nature, fhould be tho¬ 
roughly explored and laid open, by ehablifhing military polls 
in its in molt recedes, and carrying roads of communication to 
its remoteh: parts. With a view to the commencement of 
arrangements of this fort, a body of infantry was encamped at 
Fort Auguftus in 1747, under the command of the late Lord 
Blakeney, at that time a Major-General; at which camp my 
much refpeded friend, the late Lieutenant-General Watson, 
then Deputy Quarter-Maher-General in North Britain, was 
officially employed. This officer, being himfelf an engi¬ 
neer, aftive and indefatigable, a zealous promoter of every 
ufeful undertaking, and the warm and heady friend of the in- 
duftrious, firh: conceived the idea of making a map of the High¬ 
lands. As affiftant Quarter-Mailer, it fell to my lot to begin, and 
afterwards to have a confiderable fhare in, the execution of that 
map; which being undertaken under the aufpices of the Duke 
of Cumberland, and meant at firh: to be confined to the 
Highlands only, was neverthelefs at lall extended to the Low¬ 
lands ; and thus made general in what related to the mainland 
of Scotland, the iflands (excepting home leffer ones near the 
coah) not having been furveyed. 

Although this work, which is hill in manufcript, and in an 
unfiniffied Bate, poflefles confiderable merit, and perfeaiy an- 
fwered the purpofe for which it was originally intended; yet, 
having been carried on with inlfruments of the common, or 
even inferior kind, and the fum annually allowed for it being 
inadequate to the execution of fo great a defign in the bell 
manner, it is rather to be confidered as a magnificent military 
a Iketch, 
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(ketch, than a very accurate map of a country. It would, 
however, have been completed, and many of its imperfections 
no doubt remedied; but the breaking out of the war of 1755 
prevented both, by furnifhing fervice of other kinds for thofe 
who had been employed upon it. 

On the conclufion of the peace of 1763, it came for the 
firft time under the confideration of Government, to make a 
general furvey of the whole ifland at the public coft. To* 
wards the execution of this work, whereof the direction was 
to have been committed to my charge, the map of Scotland 
was to have been made fubfervient, by extending the great tri¬ 
angles quite to the northern extremity of the ifland, and filling 
them in from the original map. Thus that imperfect work 
would have been effectually completed, and the nation would 
have reaped the benefit of what had been already done, at a 
very moderate extra-expence. 

It will not be expeted, that I (hould here attempt to aflign 
caufes for the long delay that has taken place in carrying a 
work of fo laudable a nature into execution : fuffice it to fay, 
that a period of twelve years having elapfed, fince the fcheme 
had been firft propofed, as a work that could be beft executed 
in time of profound peace, without any thing being done in it, 
previous to the nation’s being unfortunately involved in the 
American war; it was fufficiently obvious, that peace muft be 
once more reftored, before any new effort could be made for 
that purpofe* . In the mean while, as I ftill entertained hopes 
that a work which feemed to merit the attention of the public, 
would, at fome future period, be begun, and, by gradual per- 
feverance, ultimately brought to perfection ; therefore, in 
the courfe of my ordinary military employments, wherein 
the very beft opportunities have offered of acquiring a 

thorough 
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thorough knowledge, of the country, I have not failed to ob¬ 
serve, at lead; in a general way, fueh fituations as feemed to 
he the heft adapted for the meafurement of the bafes that 
would be neceflary for the forraation of the great triangles', 
and connecting the different ferities of them together. 

The peace of 1783 being concluded, and official bufmefs 
having detained me in or near town during the whole of that 
fummer, I embraced the opportunity, for my own private 
amufement, to mealure a bafe of 7744.3 feet, acrofs the fields 
■between the Jews-Ilarp, near Marybone, and Black-Lane, 
near Pan eras ; as a foundation for a feries of triangles, carried 
-on at the fame time, for determining the relative fituations of 
the moft remarkable fteeples, and other places, in and about 
the Capital, with regard to each other, and the Royal Obfer- 
"vatory at Greenwich. The principal object I had here in view 
i(befides that it might poffibly ferve as a hint to the public, for 
the revival of the now almofl forgotten fcheme of 1763) 
was, to facilitate the companion of the obfervations, made by 
•the lovers of aftronomy, within the limits of the projected 
Purvey; namely, Richmond and Harrow, on the well; and 
ShooterVHill and Wanfted, ontheeaft: and thinking, that a 
Paper, containing the refult of thefe trigonometrical operations, 
might not prove unacceptable to the Royal Society, I was en¬ 
gaged in making the computations for that purpofe, when, 
very unexpectedly, I found, that an operation of the fame 
nature, but much more important in its objeCt, was really in 
agitation. This I Paw would fuperfede, at leaft for the prefent, 
my own private obfervations, and perhaps render them wholly 
ufelefs, unlefs it were as a matter of mere curiofity hereafter, 
to Pee how far fuch as depended on a fhort bafe, and a Pm all 
inhrument (a quadrant of a foot radius) would agree with 
1 thofe 
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thofe founded on a much longer bafe, and angles determined 
by a large circular inftrument, being that propofed, as the 
heft that could be made ufe. of in the operation- now to be 
mentioned.. 

In the beginning of'October, 1783, Cdmte d’Adhemar, 
the French Ambaffador, tranfmitted to Mr. Fox, then one of 
his Majefty’s principal Secretaries of State, a Memoir of M. 
Cassini de Thury, in which he lets forth the great advan¬ 
tage that would! accrue to affronomy, by carrying a feries of 
triangles from the neighbourhood of London to Dover, there 
to be connected. with thofe already executed 1 in France, by 
which combined operations the relative fituatidns of the two 
mod famous obfervatories in Europe, Greenwich and Paris, 
would be more accurately afcertained'than they are at prefent 

This Memoir the Secretary of State, by his Majefty’s com¬ 
mand, tranfmitted to Sir Joseph Banks, the very refpeCtablo 
and worthy. Prefident of the Royal Society j who, about the 
middle of November, was pleafed to communicate it to me, 
propoiing at the fame time, that Ifhould, on the part of the 
Society, charge my fell with the execution of the operation. 
To this propofition I readily affented, on being foon afterwards 
affured, through the proper official channels, that my under¬ 
taking it met with his Majefty’s moffgracious approbation. 

A generous and beneficent Monarch, whofe knowledge, and 
love of the fciences are fufficiently evinced by the protection 
which he conftantly affords them, and under whofe aufpices 
they are feen daily to flourifh, foon fupplied the funds that 
were judged neceffary. What his Majefty has been pleafed to 

* M. Cassini’s Memoir, with the _ Aflronomer, Royal’s remarks on what, is 
therein alledged, concerning, the -uncertainty of the relative filiations of the two 
Obfervatories^ will be given in the feqiiel.,, 

give 
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give fo liberally, it is our duty to manage with propbr and be¬ 
coming frugality, confident with the heft poffible execution of 
the bufinefs to be done, fo as to make it redound to the credit 
of the Nation in general, and of this Society in particular. 

The operation, whereof we are now to give fome account, 
being the fir ft of the kind, on any extenfive fcale, ever under¬ 
taken in this country, naturally enough fub-divides itlelf into 
two parts. Firft, the choice and meafufement of the bafe, with 
every poffible care and attention, as the foundation of the 
work; fecondly, the difpofition of the triangles, whereby the 
bafe is to be conneded with fuch parts of the coaft of this 
illand as are neareft to the coaft of France, and the determina¬ 
tion of their angles, by means of the belt inftrument that can be 
obtained for the purpofe, from which the refult or conclufion 
will be drawn. It is the firft part only, as a fubjed of itfelf 
fufficiently diftind, that we are now to lay before the Society ; 
it having been judged more advifable, to (hew that no time 
has been loft in making reafonable prog refs, than to defer the 
account till the whole operation Ihould be ultimately com- 



Cholce of the Bafe . Tab. XVI. 

Hounflow-Heath having always appeared to be one of the 
nioft eligible fituations., for any general purpofe of the fort 
now under confideration, becaufe of its vicinity to the Capital 
and Royal Obfervatory at Greenwich, its great extent, and the 
extraordinary levelnefs of its furface, without any local ob- 
ftrudions whatever to render the meafurement difficult; be¬ 
ing likewife commodioufly fituated for any future operations of 
a iimilar nature, which his Majefty may pleafe to order to be 

extended 



Meafurement of a Bafe on Houn'flow-Heath, 391 

extended from thence, in different directions, to the more re¬ 
mote parts of the ifland, it was propoled to Sir Joseph Banks, 
that the local circumftances fhould be actually examined; fo 
far, at leaft, as to enable us to form fome judgement, of the 
belt pofition of the line to be meafured. 

The 16th day of April, 1784, being accordingly fixed on 
for the purpofe, and Mr. Cavendish and Dr. Blagden 
accompanying the Prefident on this occafion, we beg&n our 
obfervations at a place called King’s Arbour, at the north-weft 
extremity of the Heath, between Cranford-Bridge and Long¬ 
ford; and having proceeded from thence through the narrow 
gorge, formed by Hanwor-th-Park and Han worth-Farm, we 
finifhed at Hampton Poor-houfe, near the fide of Bufhy-Park, 
at the fouth-eaft extremity; the total diftance, from the furvey 
©f Middlefex, being upwards of five miles. 

On this infpection it was immediately perceived, that the 
firft part of the operation, in order to facilitate the meafure¬ 
ment, would be, the Hearing from furze-bufhes and ant-hills, 
a narrow trait along the heath, as foon as the ground fhould 
be fufficiently dry to. permit the bafe to be accurately .traced out 
thereon. 

Fhfl tracing of the Bafe y and clearing of the Ground, Tab. X VX 

Chiefly with a view to the more effectual execution of the 
work, it was judged to be a right meafure to obtain and em¬ 
ploy foldiers, inftead of country labourers, in tracing the bafe, 
clearing the ground, and a (lifting in the fubfequent operations. 
For, at the fame time that this was obvioufly the moil frugal 
method, it was evident, that foldiers would be more attentive 
to orders than country labourers ; and by encamping on the 
Vcl. LX XV. Fff fpoc 
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fpot would furnifh the neceffary centineis, particularly during 
the night, for guarding fuch parts of the apparatus, as it was 
to re fee n muff remain carefully untouched, in'the frequent in¬ 
terims of difcontinuing and reluming the work. Accordingly, 
a party of the 12 th regiment of foot, confifling of a ferjeant, 
corporal, and 10 men, were ordered to march from Windfor 
to Hounflow-Heath, where they encamped on the 26th of 
May, clofe by. Han worth Summer- hou fe, to which fpot the 
neceffary tents, camp equipage, and entrenching tools, &c. 
had been previoufly fent. 

Whatever might have been the particular direftion given to 
the bafe confidered by its extremities, from confulting the plan 
it will eafily appear, that it muff always neceffarily lead 
through the narrow gorge of the Heath formed by Han worth- 
Park and Hanworth-Farm. The firft point therefore to be, 
attended to, in tracing it out, was, that it might lead through 
this pafs, without interfering with certain ponds, or gravel-pits 
full of water, which are in it. Thefe were eafily avoided by 
carrying the line pretty near to Han worth Summer-houfe; and 
in directing the telefcope from thence towards the fouth-eaft, 
it was accidentally found, that by leaving Hampton Poor- 
houfe a very little to the weftward, or right, the line would 
coincide with a remarkable high fpire, feen at the diftance of 
eleven or twelve miles, and known afterwards to be Banftech 
Church. As there could not be a better lituated, or more 
confpicuous object than this, therefore the firft or fouth-eaft 
fedtion of the bafe, comprehended between the Summer-houfe 
and the angle of the fmall field adjoining to Hampton Poor- 
houfe, was immediately diredted upon it; and the foldiers were 
the fame day fet to work to clear the tradt, which, at a me¬ 
dium, was made from two to three yards in breadth. This 

operation 
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operation continued eight or ten days, owing to the lower part 
of the heath, between Wolfey-River and the Poor-houfe, 
being encumbered with brufh-wood. 

When the clearing of the firft fe<ftion was completed, the 
fecond, comprehended between the Summer-houfe and the great 
road leading from Staines to London, was traced out in the 
following manner. One of the pyramidal bell-tents (whereof 
two had been provided, one of twenty-five, and the other of 
fifteen feet in height) being placed at the ftation near the 
Summer-houfe, camp colours were then arranged from difiance 
to difiance, fo as to be in a line with the bell-tent and Banfted 
l'pire. In like manner, the third fe&ion, comprehended be¬ 
tween the Staines Road and King’s Arbour, was traced out. 

This firft tracing of the bafe was done by means of a com¬ 
mon telefcope held in the hand only, that no time might be 
lofi in employing the foldiers to fmooth the tra<fi which was to 
be meafured; becaufe the t ran fit inftrument (my own pro¬ 
perty, for which a portable fiand had been for fome time pre¬ 
paring) was not yet ready to be applied, as it afterwards was, 
in tracing out the bafe more accurately. 

The camp ftill remained, where it was originally pitched* 
at the angle of Hanworth-Park, this beings very convenient 
pofition, with regard to the firft and lecond fe< 5 tions; but being 
too remote from the third, that time might not be loft, and 
the men unneceflarily fatigued in marching backwards and for¬ 
wards ; therefore, one half of the party, under the command 
of the corporal, was detached to the northward, and quartered 
in the neighbouring villages, to clear the third feftion, while 
the ferjeant, with the remainder, were occupied in ftnoothing 
the fecond. Owing to the extraordinary wetnefs of the fea- 
fon, this operation required more time than had been at firft: 

F f f 2 imagined. 
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imagined, not having been entirely finiihed before the firft 
week of July. We fhall therefore leave it going on, and in- 
the mean time proceed to defcribe the inftruments that were 
fubfequently made ufe of in the firft and fecond meafure- 
ments. 


Steel Chain. Tab. XVII. 

One of the firft inilruments, which that able artift Mix 
Ramsden had orders to prepare, was a fteel chain, one hun¬ 
dred: feet in length, the bell that he could make. Not that it 
was intended, non could it be fuppofed, that we ftiould abfo— 
iutely abide by the refult that this chain fhould furnifh us. 
with, for the length of the bafe ; but it was hoped, that an 
inftrnmentof this• fort might be made, which would meafure 
diftances much more accurately than any thing of that kind, 
had ever done before t and: it. was confidered as an ©bjedt of 
fome confequence, to endeavour to Amplify,. and render aseafy 
as poffible, the meafurement of bafes in future:: am operation 
which, hitherto, has always been found to be tedious and 
troublefome, to which we- may now further add, uncertain: 
likewife, when done with rods of. deal,, as. will appear from the 
account hereafter, to be given*. 

The conftru&ion of the chain, which is on the principles of 
that of a watch, will be underftood from the reprefentation of 
fome of its chief parts, to the full fize,. in tab. XVII. where 
the firft, or zero-end link, is ftiewn both in plan .and elevation* 
in the ftatein which itwas originally applied to meafurement 
on the furface of the ground; Each link confifts of three 
principal parts-} namely,, a long plate; two fhortones, half 
the thicknefs of the former, with circular holes near the 
5 extremities. 
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extremities of each ; and two caft-fleel pins, or axes, fuited to 
the diameters of the holes, which ferve to conned! the adjoin¬ 
ing links together. The holes in the fhort plates are made 
rough* or jagged with a file; fo that when they have embraced 
the ends of two adjoining long ones, and. the pins have pafled 
through all the holes, in rivetting their extremities, they are 
made perfectly fall:-, and as it were united to the fhort plates ; 
while the embraced ends of the long ones turn freely round 
oil the middle part of the pins- 

At every tenth link the joint*, juft now deltribed, Has a 
pofition at right-angles to the former; that is to fay., the fhort 
plates lie here horizontally,, and the pins palling through 
them Hand vertically.. Thus, there being in the whole, chain 
two hundred caft-fteel pins, one hundred: and eighty lie hori¬ 
zontally and twenty, including the two by which the han¬ 
dles are attached, fland vertically.- Thefe crofs-joints, which 
were chiefly intended that the chain might fold up in a fmaller 
compafs, by returning upon itfelf at every tenth link, are 
likewife ufeful in prefenting a horizontal, furface,, to which 
fmall circular pieces of brafs are fcrewedp with figures-], 2, 3, 
&c. to 9,, engraved on them, denoting the decimal parts of the 
length. Thus the middle crofs-joint, or that which feparates 
the. 50th from the 51 ft link, is fhewn in the Plate with the 
figure 5 upon it. 

The chain, in its firfi: conftru&ion (for we are now tty point- 
out fome alterations that were afterwards made in it), was one 
hundred feet in length, including the two brafs handles; in 
the extremity of. each of which there was a femi-circular hole, 
of the fame diameter with the Heel arrows fucceflively fixed 
in the ground, and ferving to keep the account of the number 
of chains, when applied to common meafurement. In this its 

firft 
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firft _mode of application it was foon difcovered, as we lhalt 
have occafion to mention hereafter, how admirably the chain 
performed; and that, with fome farther precautions, a ftill 
greater degree of exactnefs might be attained, by fupporting it 
•on ftands, or even on planks, laid on, or but little removed 
from, the common furface of the earth. For this purpofe, 
the two end-links were altered, each being now made equal to 
one foot, exclufive of the handles. By referring to tab. 
XVII. the nature of this alteration will be ealily conceived. It 
con lifted in fcrewing to the under fide of the handles, very 
near the joints, two feather-edged pieces of brafs *; the one 
denoting zero, and the other 100 feet. Over the dart at the 
firft, a plummet with a fine filver wire being fufpended, that 
wire, by a very fimple apparatus, hereafter to be defcribed, 
may be brought accurately to coincide with any point whatever 
of commencement: and at the fecond, a fine line with a 
knife, or other fharp inftrument, being drawn on a piece of 
card placed there for the purpofe, and changed as often as 
needful; or, as was likewife pra&ifed, and found to anfwer 
better, a line on a moveable Hide of brafs, attached to the top 
of the Hand or plank, being brought to coincide with the fea¬ 
ther-edge, and then fattened underneath; the extremity of the 
100 feet is readily afcertained : and thus the meafurement 
may be continued rnn with great accuracy to any diftance at 
pleafure. 

That the chain, in this its altered ftate, may ftill be advan- 
tageoufly applied to ordinary meafurement on the furface of 
the earth, the pieces above defcribed, having fteady pins, and 
being fattened with fcrews, can be eafily removed, and others, 

They were originally of brafs ? but are now of ileel, that the edges by being 
harder might run lefs ri(k of being damaged. 

7 cxadll y 
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exactly of the fame length, fubftituted in- their (lead, with 
femi-circular holes (as reprefented in the Plate by dotted lines 
near the joint of the handle) to receive the fteel arrows, then 
to be made ufe of in the manner already mentioned'. 

This mod excellent chain feems not to have fullered any 
perceptible extenfion from the ufe that has hitherto been made 
of it. It is fo accurately conftrucled, that when ftretched out 
on the ground, as in common ufe, all the long plates lying 
vertically or edge-wife, if a perfon,. laying hold of either end 
with both hands, gives it a flip or jerk, the motion is,, in a 
few feconds, communicated to the other end, in a beautiful 
vertical ferpentine line ; when the perfon, holding that handle, 
receives, a fudden (hock, by the weight of the chain: pulling 
him forcibly. The chain weighs about eighteen pounds, and 
when folded up is eafily contained in a deal box, about four¬ 
teen inches long,, eight inches, broad,, and the fame in. depth,. 

Deal Rods.. Tab-XVIIT. 

The bafes which have hitherto been, meafured in different 
countries, with the greateff appearance of care and exadlhefs, 
have all, or for the moft part,: been done with deal rods of one 
kind or other, whofe lengths being originally afcertained by 
means of fome metal ftandard, were, in the fubfequent appli¬ 
cations of them, corrected by the fame ffandard. Having thus 
had fo many precedents,, ferving as examples to guide us in our 
choice, it was natural enough that we ffiould purfue the fame 
method in the meafurement to be executed on Hounflow- 
Heath; taking, however, all imaginable care, that our rods 
ftiould be made of the very bell: materials that, could be pro* 

cured; 
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cured; with this farther precaution, that by trufling them, 
they (hpuld be rendered perfectly inflexible, a circumftance not 
before attended to. 

As fome difficulty had been found in procuring well-feafoned 
Pine-wood of fufficient length, and perfe&ly free from knots, 
for the intended purpofe; therefore Sir Joseph Banks had 
early applied to the Admiralty for affiftance in this refpeft; 
and forthwith obtained an order to be furniffied with what we 
might have -occafion for, from his Majefty’s yard at Deptford, 
where an old New-England maft, and alfo one of Riga wood, 
were Ipeedily cut up for our ufe. 

New-England white Pine is lighter, lefs liable to warp, and 
lefs affedted by moifture, than Riga red wood. But the New- 
England maft, when it came to be very minutely examined, was 
found to be too much wounded by (hot-holes in fome parts, 
or too much decayed or knotty in others, to afford us a fuffi- 
ciency. This being the cafe we had recourfe to the Riga 
wood, which was indeed extremely fmooth and beautiful; and 
fo perfectly ftraight-grained, that a fibre of it, when lifted up, 
might be drawn, like a thread, almoft from one end to the 
other. 

It had been in contemplation, to make the rods of twenty- 
live or thirty feet in length ; and one of the former dimenfions 
was actually conftrudted : but this being found to be rather too 
unwieldy, it was judged beft to content ourfelves with thofeof 
about twenty feet. 

Different opinions have been entertained with regard to the beft 
mode of applying rods in meafurement; fome contending that 
contacts, or that of butting the end of one rod againft the end of 
the other, is the beft ; while others (with more probability of 

being 
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being right) are of opinion, that the adjuftment by the coin¬ 
cidences of lines Ihould have the preference. The firffc is un¬ 
doubtedly the moft expeditious method; but feems at the fame 
time to be liable to this very objectionable circumftance, that 
the probable errors fall all one way: whereas, in the fecond me¬ 
thod, although by far the moft tedious, the errors of coinci¬ 
dence falling fbmetimes on one fide, and fometimes on the 
other, they compenfate for, or deftroy, each other; and there¬ 
fore no error is committed. 

With the view of fatisfying both parties, and in order to put 
the matter, if poflible, out of doubt, it was judged proper to 
conftruCt the rods in fuch a manner as to admit of both me¬ 
thods being tried, that we might adhere to that which fhould 
he found by experience to be the beft. 

Three meafuring rods were accordingly ordered to be 
made, and alfo a ftandard rod, with which the former 
were from time to time to be compared. Their general 
conftru&ion will be better conceived from the plan and 
elevation, and other reprefentations of their principal parts, 
in tab. XVIII. than by any defcription, however parti¬ 
cular, conveyed in words. It will be fufficient to fay, that 
the ftems of the three meafuring rods are each twenty feet 
three inches in length, reckoning from the extremities of the 
bell-metal tippings ; very near two inches deep ; and about 1 £ 
inch broad. Being trufled laterally and vertically, they are thereby 
rendered perfectly, or at leaft as to fenfe, inflexible. The ftan¬ 
dard rod could only b.e trufled laterally; and it is juftly repre¬ 
fen ted by the plan of the other rods, excepting that its ftem 
is fomething ftronger, and that it has two or three inches at 
each end of extra-length, the reafons for which differences 
will appear hereafter. 

You LXXV. 
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By referring to the Platt it will be obferved, that two liar* 
row pieces of ivory, each fattened with two fmall lerews, are 
inlaid into the upper furface of the rods, within one inch and 
a half of the extremities of the tippings. Thefe ivory pieces 
received the fine black lines cut into them when the lengths of 
the rods were laid off, in the manner hereafter to be mentioned,! 
and accurately determined the intermediate diftance of 20 feet, 
or 240 inches, the meafure to be ufed in the application by 
coincidences : whereas, in that by contacts, the fpace com¬ 
prehended between the extremities of the projecting lips of 
the tippings, is 243 inches. 

Immediately behind each ivory piece, a cavity is formed un¬ 
derneath, in the middle of the ftem. This receives a brafs: 
wheel, about eight-tenths of an inch in diameter, whole axis* 
turns in the fork of a brafs fpring, five inches long, fattened 
by a ferew to the under furface* juft before ( the erofs .feet.. 
Thefe Iprings are only of fueh ftrength as to permit the wheels 
to be forced up into the cavities by the weight of the rod, 
which, in its adjufted ftate, always refts entirely on the fur- 
faces of the two ftands that fupport its extremities.. But* 
when the rod is to be raifed from the ftands* then the milied- 
headed ferews, projecting above the upper furface, 5 and Handing { 
over the middle of the Iprings, being brought to adt, the* 
wheels are thereby pretted downwards, and receive the'fulhi 
weight of the rod, which is then eafily moped backwards or 
forwards to its true pofition, either of contadt or coincidence. 

The crofs-feet, placed about 5I inches from the ends of the 
rods, and if inch from the infertion of the truffings,; are each* 
about nine inches long, 11 broad, and nearly an inch in depth, 
having their lower iurfaces level with that of the ftem. By 
2 means 
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means of thefe, the rods are not only kept more heady on the 
hands, againft the common adtion of the wind upon the truf- 
fings; but they likewife ferve as holds for the vertical and hori¬ 
zontal brafs clamps, whereby the rods are made faff to the 
hands on one fide or other, and in both modes of application, 
contacts and coincidences; as will be more fully explained 
hereafter, in defcribing the tops of the hands. 


Brafs Standard Scale , and method of laying of the lengths of the 

Deal Rods . 

At the fale of the inhruments of the late ingenious optician 
Mr. James Short, I purchafed a finely divided brafs fcale, of 
the length of 42 inches, with a Vernier’s divifion of 100 at 
one end, and one of 50 at the other, whereby the 1 oooth part 
of an inch is very perceptible. It was originally the property 
of the late Mr. Graham, the celebrated Watch-maker; has 
the name of Jonathan Sisson engraved upon it; but is 
known to have been divided by the late Mr. Bird, who then 
worked with Sisson. 

It is fufficiently well known to this Society, that their brafs 
handard fcale, about 42 inches long, which contains on it 
the length of the handard yard from the Tower, that from 
the Exchequer, and alfo the French half-toife, together with 
the duplicate of the faid fcale, fent to Paris for the ufe of the 
Royal Academy of Sciences, were both made by Mr. Jona¬ 
than Sisson, under Mr. Graham’s immediate direction. 
Now, although there feemed to be every reafon to fuppofe, 
that the fcale at prefent in my pofleffion, originally Mr. Gra- 

G g g 2 ham’s 
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ham’s property, would correfpond with thofe above-mentioned, 
which he had been directed by the Royal Sociey, with, ft> much 
care and pains, to provide; yet, that nothing of this fort 
might remain doubtful, it was judged right, in fettling the 
abfolute length of the bafe, which I meafured near London 
in 1783, as has been mentioned in the introduction to this 
Paper, that the two fcales fhould. be actually compared. Hav¬ 
ing accordingly obtained an order from the Prelident, for ad- 
miffion into the' Society’s Apartments, I went there in the 
afternoon of the 1.3th of Augufl, and 1 laid both fcales taken, 
out of their cafes on the table of the meeting-room, with 
thermometers along-fide of them, that they might acquire 
the fame temperature. On the forenoon of the 15th of Au¬ 
gufl: the companion was made, with the abidance of Mr. 
Ramsden, who for that purpofe carried along with him his 
curious beam-compafles, whole micrometer-fcrew fhews very 
perceptibly a motion of .^.i^th part of an inch. Thus the 
extent of three feet, being carefully taken from the Society’s 
ffandard, and applied to my fcale, it was found to reach exaClly 
to 36 inches, the temperature being 65°. In like manner, the 
be a m- co m paffe s being applied to the length of the Exchequer 
yard, the extent was now found by the micrometer to over¬ 
reach that yard by T - 0 V g - 0 th, or nearly e 7 0 ,„th parts of an 
inch. 

Having thus fhewn that my fcale is accurately of the fame 
length with the Society’s ftandard, it remains to point out the 
ufe that was made of it, for afcertaining the lengths of the 
deal rods, intended for the operation on Hounflow-Heath. In 
the firft place, Mr. Ramsden prepared a beam-compafs, fur- 
fici’eat to take in- twenty feet, truffed in all refpeilrs like the 


mea? 
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measuring rods, but fomething deeper, and fitted as ufual with 
proper points and micrometer. The ftandard rod being now 
con ft rutted was laid on the fhop-board, ftrongly framed for 
the purpofe, and nearly level. To one fide of it, at the diftance 
of about twenty feet two inches from center to center, two 
ftrong bell-metal cocks were firmly fcrewed. Thefe cocks 
were about 2| inches in length, three-eighths in thicknefs, 
and rofe above the ftem nearly two inches, fo as to be on the 
fame plane with the furface of the meafuring rods, when 
placed upon it. 

A large plank, cut from the New-England maft, upwards of 
thirty feet long, nine or ten inches broad, and about three 
inches thick, being fet edge-wife in the fame room, on part of 
the Hands now ready for the operation, was, in that polition, 
planed perfectly fmooth and ftraight. A filver wire being then 
ftretched very tight, along the middle of the plank, from one 
end to the other, fix fpaccs of forty inches each were marked 
off by the fide of the wire, at which points feven brafs pins, 
about one-tenth of an inch in diameter, were driven into the 
wood, and their tops poiifhed with the ftone, During the whole 
of this operation, and that which followed, the thermometer, 
lying by the fide of the brafs fcale, continued fteadily at or very 
near 63°. 

■ Afi ne dot being now made on one of the extreme pins, and 
the filver wire being ftretched over the dot, and as near as pof- 
iible over the middle of the other pins-, in which pofition it 
was made faff; the extent of forty inches, taken with the 
utmoff care from the brafs fcale, was then marked off, by 
placing one point of the beam-compafles in the dot, and with 
the other defcribing a fliort faint arc on the furface of the fe» 

condi 
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cond pin, The beam being then rembved, and one point 
placed in the mterfecHon ofthe arc and wire, •> with* the other 
point a dot was made oil the third pin, tinder the middle of 

* the wire. "Upon this dot, as a center, a faint arc was next 
delcribed on the fame pin where the firft had been traced. In. 

• this manner the fix times forty inches were marked off, alter¬ 
nately with dots and arcs; a method found by Mr. Ramsden, 
in his practice, to be more accurate, than when dots only are 
made ule of. 

The exad length of twenty feet, thus obtained, was next 
taken between the points of the long beam*compafles, and 
transferred*!# the tops of the bell-metal cocks, placed, as has 
been already mentioned, on the fide of the ftandard rod, in 
fuch manner as to leave more than one inch and a half of the 
faid cocks beyond or without the lines denoting the extent of 
the twenty feet. This being done, the meafuring rods were 
fucceffively placed on the ftandard, arid their Tides applying 
dole to the cocks, the diftance of twenty feet was readily 
transferred from them to the inlaid ivory pieces, on which fine 
lines were afterwards cut, by marks accurately made for that 


purpofe. 

With regard to the adjuftment of the lips of the bell-metal 


tippings, which.extend exactly one inch and a half beyond the 
ivory lines, fo as to make the total length of the rod 243 


inches, it is to be obferved, that they terminate in flat curves 


of 31- inches radius, palling through the inch and half points, 
to which they were cautioufly ground down, that at firft they 


might rather exceed than be defedive in length. Any two 
of the rods, lying in the fame plane, and alfo in the fame 


ftraight line, being brought into contad with each other; if 

of 
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of the true length, the fpace in that pofition, comprehended 
between the two lines on the inlaid ivory pieces, muft be 
exa&ly three inches. For the purpofeof thisadjuftrnent,the 
extent of three inches was therefore taken from the brals fcale 
and cut upon the fide of a detached piece of ivory; which 
being readily applied to the aforefaid intermediate fpace, the, 
fame was .gradually reduced', by grinding the lips equally, till 
it exactly correfponcledwith that taken from the fcale. 

The three rods arenumbered by a; cypher on tlic fur face of 
the metal at each end, 1.2 ; 3.4 ; 5.6; and that being the order 
in which they were to be applied in qftual meafurement* foit 
was hkewife the order in which they wereadjufted ; that is to 
fay, the rod 1.2 was adjufied with 2-4, and with 5.6 j and 
the rod 3.4 was, in like manner, adjufied with 1.2 and 5.6. 

One of thefe deal rods, when finifhed, was found to weigh 
twenty-four pounds. They were intended to be contained in 
two chefts, one large and the other ftnaller. The large chefi, 
which is about 2.| feet deep, may be called a double one, becaule 
it has two lids that lift quite off, which, in turning upfide 
down, become alternately top and bottom, having between 
them, but much nearer to the one than the other, a bottom 
that is common to both. The Shallow fide holds the ftandard 
rod; and the other, two of the meafn ring rods' ; which daft is 
rendered practicable by having one bf the fide braces of each 
fixed only with fcrews, fo as to be removed and replaced at 
pleafure. Thus one of the rods being laid in its place, ; the 
other is put over it in an inverted pofition-; and both having the 1 
proper faftenings to keep them in- their pofitions, the lid is 
then put on, and fixed by fcrews. The cheft being now turned 
upfide’ down, and the other lid removed, the ftandard is 

thereby 
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^hereby difcovered refling on the common bottom, which has 
bands laid acrofs it for the purpofe, a few inches below what 
has now become the furface of the cheft. It was necef- 
fary that the ftandard fhould reft thus high, both that the 
light might come freely upon it, and that, being fupported by 
the deep fides of the cheft, it might be prevented from twill¬ 
ing, for it will be remembered that it is only truffed laterallyr 
By means of a fmall brafs fpring fixed to each end of the 
ftandard, a fine filk thread, as being lefs liable to accident than 
(liver wire, is ftretched along its ftem, which by fmall wedges 
prepared for the purpofe, and flipped in between it and the 
bands on which it refts, is always brought into the fame pofi- 
tion. This being done, the filk thread is turned off, fo as to 
permit the measuring rods to be laid on the ftandard for com- 
parifotv. With regard to the fmaller cheft, fuch a one was 
a6tually made, and fent down to the heath, towards the clofe 
of the operation with the deal rods ; but from lorne miftake in 
its dimensions, it would not admit the. third rod. 


Stands for the Meafuring Rods. Tab. XVIII. and XIX. 

From the extraordinary levelnefs of Hounflow-Heath, the 
afpent from the fouth-eaft towards the north-weft being little 
more than one foot in a thoufand in the diftance of five miles, 
it was eafily feen, that the computed bafe-line, or that actually 
/orming a curve parallel to the furface of the fea, at that height 
above It, would rail fo little fhort of the hypothenufal diftance, 
meafured on, or parallel to, the furface of the Heath, as 
fcarcely to deferve notice, had it not been thought neceffary to 
a {hew 
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Ihew, how much one end of the bafe was really higher than 
the other; and to convince the World, that in an operation of 
this fort, where lo much accuracy was expected, no pains 
were fpared, nor the moft trivial circumflances negle&ed. 

From the trouble and uncertainty attending the frequent ule 
of plummets, efpecially in windy Weather, inflead of mea¬ 
suring level or bafe lines, as ' has hitherto been cuflomary (in 
which cafe it Would have been neceffary to make ufe of the 
plummet, or fome fuch contrivance, at every Hep of afcent or 
defcent) it was judged to be a better method to meafure hy- 
pothenules, and, having obtained the relative heights of the 
Nations by the accurate application of the telefcopic fpirit- 
level, to compute the bafe lines. Thus it was propofed, that 
the length of the bafe on Hounflow-Heath Ihould be obtained 
by meafuring a line through the air, drawn parallel to 
the common furface from flation to flation, in equal diflances 
of 200 yards or 600 feet each, as reprefented in the figure at 
the top of tab. XVIII. 

For this purpole, two kinds of Hands were ufed; one whole 
height was fixed, to be placed at the beginning and end of 
each 200 yards; and the others, whofe heights were movea¬ 
ble, that their furfaees might be brought more eafily to coin¬ 
cide with the line palling through the air from one fixed 
Hand to the other. The fixed Hands in their firfl Hate, repre¬ 
fented by that towards the left-hand in the plate for the deal 
rods, were only two feet feven inches in height; but when the 
glafs rods were afterwards ufed,. they had an additional piece 
of ten inches faflened to the top (as in the left-hand Hand of 
tab. XIX.) which made their total height above the Heath, 
including the platform on which they Hood, three feet and a 
half. They are tripods of white deal, whofe legs extend about 
Vol, LXXV. H h h three 
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th ree feet from each other; and being braced diagonally, are 
mortoifed at top into circles of the fame fort of wood. Over 
this circle, a fquare table of about n f inches is fixed, com- 
pofed of oak, and mahogany at top; but both taken together 
do not exceed if inch in thicknefs. 

The nature of the moveable Hands, whereof there were at 
laft no fewer than feventeen provided, will be comprehended 
from the reprefentations of them towards the right-hand in 
tab. XVIII. and XIX. Their general conftrudtion, in what 
regards the part of them which is fixed, differs not from that 
of the others, excepting that they were of different heights, 
from two feet to about two feet eight inches, lo as better to 
fuit the irregularities of the ground where it might be necef- 
fary to place them. In the middle of each of thefe, an hexa¬ 
gonal wooden pipe defcends, from the top to within two or 
three inches of the bottom, where it is joined by a brace 
reaching from each leg. This pipe receives the common 
cheefe prefs wooden fcrew (having three fides fcrewed and 
three plane), to the top of which the fquare table is attached. 
It is embraced by the circular nut, or winch with four handles, 
whereby the table is elevated or depreffed at pleafure ; and being 
brought to its proper height, is there made perfectly faff by 
means of the flat-headed iron fcrew, which palling through 
one of the legs, prefl’es an iron plate, fixed in the infide of the 
pipe, againft one of the plane fides of the fcrew.- 

In defcribing the deal rods, there has already been occafion to 
make mention of the vertical and horizontal clamps, whereby the 
crofs-feet are fallen ed to the table on the top of the Hand. The na¬ 
ture of thele tables will be bell underftood by confulting the two 
plans of them towards the right hand in tab. XVIII.; whereof 
one reprefents the two grooves fitted for the alternate reception 
2. of 
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of the horizontal clamp, according to the fide on which the 
rod lies that is to be moved on into coincidence ; and the other 
fhews it actually in its place, with the clamp itfelf detached in 
elevation along-fide of it. Thus from the plan it may be 
perceived, that the firfh, or adjufted rod, lies towards the far¬ 
ther fide of the table, and is there fecured by the vertical 
clamp. The fecond, or moveable rod, lies on the hither fide, 
and therefore the horizontal clamp is placed in the farther 
groove, where it is firmly pinched by the nut underneath. The 
rod has been brought to coincidence by working with the two 
milled-headed fcrews againft the oppofite tides of the crofs foot. 
This apparatus, although perfectly good in theory, was found 
to be much too confined in its nature to anfwer well in prac¬ 
tice, requiring the Hands to be placed with a degree of preci- 
fion, which could not be effected in the field without great lofs 
of time; and this was the real caufe, as will be feen hereafter, 
that the meafurement by coincidences with the deal rods was 
given up, and that by contacts adhered to. 

Towards the left-hand of tab. XVIII. the plan of one of 
the fquare tables is reprefented with the ends of the fecond and 
third rods upon it in contact. In this operation it will be 
perceived, that only one crofs-foot of each rod could now reft 
on and be clamped to the ftand, the tables having been inad¬ 
vertently cut too fmall to admit of both ; and although this 
has the appearance of imperfection, yet no inconveniency 
whatever was found to refult from it in practice, experience 
having fhewn, that the clamping, of either end fufficed to keep 
the rod fteady. Along-fide of the table, the vertical clamp, 
being that now folely made ufe of, is likewife reprefented in 
elevation. 

On 
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On the face or exterior fide of each leg of all the Hands, 
fixed as well as moveable, a plate of brafs is fcrewed near the 
bottom, with two holes in each, over a groove purpofely made 
in the wood underneath. By means of thefe plates, parallelopid 
leaden weights, about fourteen pounds each, having brafs pins 
with heads fuited to enter the holes, and fall down in the 
grooves, into a narrow-pointed part of them,, are readily 
flipped on or off each leg. Thus every ftand, exclufive of its 
own weight, which is about thirty-one pounds, being loaded 
with forty-two pounds of lead, is thereby rendered perfe&ly 
firm and fleady. 

A number of wedges were alfb prepared, and always ready 
to be placed under the legs; by means of which, and a fpirit 
level laid on the table, its plane is brought to. the proper 
pofition. 

Notwithftanding all thefe precautions, it having been found, 
in the meafurement with the deal rods, that time was loH in 
levelling the Hands, particularly in fituations where the furface 
happened to be more than ufually uneven, or where it was of 
a loofe or fpungy nature; therefore Mr. Smeaton advifed 
{and no man’s advice is more deferving of attention),- that deal 
platforms, Handing on pickets driven into the ground, and 
properly levelled, fliould be ufed to receive the legs of the 
Hands. Accordingly, for the operation with the glafs rods 
(table XIX.) twenty fuch triangular platforms made of inch 
deal, whofe fides were each three feet two inches in length, 
and void in the middle, were provided; as alfo a number of 
beech-pickets, about an inch and a half fquare, and of dif¬ 
ferent lengths, from feven to twelve or fourteen inches. Three 
of thefe pickets, fhort or long as the fituation required, being 
driven into the ground, till their heads (by the carpenter’s 
i level) 
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level) were brought to the proper height, the platform was 
laid upon them ; and on that the hand itfelf being placed, its 
pofition was ultimately' correfted by the fpirit level laid on 
the top of the table. Each of the beech pickets had a hole: 
bored through its top, fit to receive a piece of hrong tent¬ 
line, by which, and the help of one of the camp mallets, the 
pickets were eafily pulled up again, when, the platform was to 
be removed to a new fituation. 

Boning Telefcope and Rods., Tab. XVIII. 

In order to trace the line of 200 yards or 600 feet through 
the air, from one fixed” hand to the other, it was ufual, in the 
fir ft place, to ft retch a cord extremely tight along the ground,, 
and to divide the fpace into rod lengths, by fmall wooden pins 
placed clofe by the cord, which remained there, and accordingly 
marked, very nearly, the points over which the centers of the 
intermediate hands were to come. A piece of wood, about 
fourteen inches in length, and one and a half in breadth,, 
painted white, with a narrow black line along the middle of 
it, being prepared for the purpofe, was laid on the furface of 
the farther hand. The boning telefcope,. fourteen inches long; 
and one and a half in diameter,, with a fmall magnifying 
power, and moveable objedl-glafs, fo as to fit it for very fhort 
dihances, was then laid on the furface of the neareft hand; 
which, by means of wedges placed' under the legs, had that 
fide towards the farther hand fo elevated or depreffed, as to. 
bring the crofs wires to coincide with the black line on the 
painted board. Twenty-four boning rods had been originally 
provided ; but it rarely happened, that more than eight or ten 

of 
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of that number were ufed in any - one fiction. They are of 
clean deal, upwards of five feet . in length, oiie inch fquare, 
and pointed with plate iron at the bottom, fo as tobe.eafily fixed 
into the ground. Each rod carries a crofs vane, fix or feven 
inches in length, and three-quarters of an inch in breadth. 
This crofs vane, being .moved upwards or downwards along 
the rod, till, its upper, furface coincided with the crofs wires of 
the telefcope and black line on the ( painted board, its under fur- 
face then marked the height to which the furface of the hand 
was to be brought at that particular place. In this manner, a 
certain number ,of points, in ; the line paffing through the air 
from one fixed hand to the other, being accurately obtained, 
it was very eafy, at all the intermediate places, by the appli¬ 
cation of the eye alone to the furface of any one ftand or rod, 
to bring the furfaces of the other hands near it into the fame 
plane. 


Cup and Tripod forpreferving the point upon the ground , where 
the meafurement was difcontinued at nightand refumed next 
■morning. Tab. XVIII. 

It has been already mentioned, and, in giving the account 
Of the rough meafurement with the chain, there will be far¬ 
ther occafion to remark, that the bale was divided into hypo- 
thenufes of 200 yards or 600 feet each, where fquare pickets 
were driven into the ground, and regularly numbered, fo as to 
be eafily referred to on any occafion. In the meafurement 
with*the rods, it was cuilomary to finifh the day’s work at or 
near one of thefe fictions. When the rods of twenty feet 
were ufed, the termination of a rod was, of courfe, always 

found 
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found to be within a few inches of the picket correfponding 
with the hypothenufe, as determined by the chain. But with 
the rods of twenty feet three inches, the day’s work was al¬ 
ways ended, with a fractional rod, by fufpending a plummet 
from.fome convenient part of the Item, marked for the pur- 
ppfe,,. and. which confequently became the point of commence¬ 
ment next morning. 

The brafs cup, made ufe of ion thefe occafions, is of the 
figure of an inverted truncated cone, whofe mean diameter is 
four inches, and its depth about five, with a very final! incli¬ 
nation in the tides. It was placed in a hole dug for it in the 
earth, immediately under the point, of fufpenfion of the plum¬ 
met, ferving only to hold the water in which it vibrated. 

The nature of the tripod will be bell: conceived from the 
plan and elevation of it in tab. XVIII. It confitts of two 
ftrong pieces of beech wood, mortoifed into each other, fo as 
to referable a half crofs, or the letter T inverted, having three 
ftrong iron prongs, about twelve inches in length, which pafs 
through the ends of the wood, and are fattened to it by fquare 
nuts at top. On the furface of the tripod lies a fimilar half 
crofs of mahogany, moveable, by means of grooves in the di¬ 
rection of the longett fide, and fixable by its proper fcrews, 
when brought to the defired pofition. This mahogany half* 
crofs carries on its furface a brafs ruler, moveable at right-angles 
to the former direction, fixable alfo by means'of its own 
fcrews, and, on whofe end is cut a very .fine interfeCtion. 
Thus any day’s operation having been finilhed, the tripod was 
placed near the cup, with it longett fide parallel to the line of 
meafurement, and its prongs driven into the ground, fo as to 
be rendered perfectly immoveable without great violence. The 
plummet being then ftifpended by a fine gilt wire, at any pan® 

of 
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of the flemof the deal rods indifferently, but always at the fixed *' 
or hindermoft end of the glafs rods, the brafs ruler was advanced 
fo near as almofl to touch the wire, and there made faff. This 
being done, the mahogany half-crofs was laflly moved back¬ 
wards or forwards, in the direction of the line of meafurement, 
until the inlerfe£tion, as feen by a perfon lying down on the 
ground for the purpofe, accurately coincided with the gilt wire, 
where it was like wife fattened by its proper fcrews. A tent 
was then pitched very near the apparatus, for the foldiers who 
furnifhed the centinel for its fecurity, till the meafurement 
was refumed; and particularly to guard it from being 
diflurbed by cattle during the night. 

Wheels for terminating, in a permanent manner, the extremities of 

the Bafe. Tab. XVIII. 

Before any accurate meafurement could ultimately be made 
of the bafe by means of rods, in order that we might with 
certainty refer to the fame point, on any occafion that might 
arife of corre&ion or repetition of the work, it had all along 
been forefeen, that it would be abfolutely neceffary to fink deep 
into the ground wooden pipes, or fuch like things, at the ex¬ 
tremities of the bafe, which could not be removed, or even 
diflurbed, by idle or ignorant people, without very confiderable 
labour. Mr. Mylne, F.R.S. was accordingly requefled to 

* That this might be conveniently done, a moveable ftand was placed, under 
the glafs rod, about four feet from the fixed end, and its table elevated till, by 
bearing again# the lower part of the cafe, it received its weight. This permitted 
the Hand under the fixed end to be lowered and removed, to make room for the 

•apparatus-. 


order 
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border two fuch pipes to be provided, about fix feet in length 
each, and one foot in ■ diameter, with a bore of four inches in 
the uppermofl end, for the depth of two feet, and crofs-arms 
near the lowermoft end, in ! the ftiie of the common warping 
•pofts. As an improvement on this idea, Mr. M^lne very 
judicioufly propofed that, inftead of the crofs-arms, the lower 
ends of the pipes fhould pafs through the nave of an old 
coach-wheel, and then be fecured by a bolt underneath. This 
•alteration was approved of; and the machines, thus executed, 
were fient foon after by water to Hampton. 

The plan and fedtion of one of thefe wheels, with the 
difhed fide downwards, are reprefented towards the left-hand 
in tab, XVIII. where it will be perceived, that by means of 
four knee-pieces, made of crooked oak, the pipe is firmly 
holted to the wheel, and thereby kept at right-angles to its 
plane. The top of the pipe is alfo fecured exteriorly by an 
iron hoop, and has a calf-iron box driven into it, whofe inner 
diameter is four inches, anfwering -to that of the bore. Four 
oak piles for each wheel were prepared to be driven into the 
bottoms of the pits dug for their reception, which were fix feet 
in diameter, and the fame in depth. The foil near Hampton 
Poor-houfie being of a loofe fandy nature, there the piles were 
eafily driven into the bottom, until their tops were on the fame 
level. The flat of the fellies of the wheel being then laid on 
the piles, the earth was filled in and well rammed around the 
pipe, quite up to the furface, with which its mouth is even. 
But the foil at King’s Arbour, being a hard-bound gravel, the 
piles could not be driven into the bottom of that pit; where¬ 
fore, the flat of the wheel teAs there on the gravel only. 

The brafs cup, formerly deferibed, was from the firft in¬ 
tended to be placed in the pipes, for which purpofe it has two 
Vox,. LXXV. ‘H i lids7. 
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lids; one a femi-circle, with the central point marked by a 
line cut on its diameter, brought into the direction of the bafe; 
with which line the gilt wire, fufpended at the extremity of 
the firft rod, was made to coincide on the commencement of 
the meafurement. The other lid has a very fmall hole made 
in its center, through which the plummet wire is to pafs, 
when fufpended from the center of the inftrument, hereafter to 
be made v.fe of for the determination of the angles at the bale, 
or in any other ftation whatever, where it may be necelfary to 
bring it very accurately over a point on the furface of the 
ground underneath. 

Rough meafurement of the Bafe with the Cham , and deter min a * 
i don of the relative heights of the Stations by means of the 
‘T'elefcopic Spirit Level. Tab. XVI. and XVII. 

Having in the preceding defcription of the various fnftriy- 
ments, originally provided for the meafurement of the bafe, 
fully explained their conftru&ions, ufes, and modes of appli¬ 
cation ; and having thereby anticipated, in a great degree,, 
what mull otherwife have been faid to make them underftood 
in any account, blended with that of the execution; little 
more now remains to be given than the journal of our pro* 
ceedings from day to day, and the ultimate refult of the ope* 
ration. 

After a very tedious delay, Mr. Ramsden having at laH 
produced his hundred-feet chain, with the portable tranlit inftru¬ 
ment ; and having lent us an excellent telefcopic fpirit level, 
for determining the relative heights ; two le&ions of the bafe 
being like wife cleared by the foldiers, and fome progrels made in 

5 the 
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the third, we found ourfelves, on the 16th of June, in readi- 
nefs to begin the rough meafurement. 

Lieut. Colonel Calderwood, of his Majefty’s Horfe- 
Guards, F.R.S. had, from the beginning, been fo good as 
to promife his affiftance in the operation. Lieut. Colonel Prin¬ 
gle too, of the Corps of Engineers, obligingly became a 
volunteer on the occafion ; as did alfo Mr. Lloyd, F.R.S. a 
few days afterwards; while Enfign Reynolds, of the 34th 
regiment, who had for fome time paft been employed in fur- 
veying the environs of the Heath, continued that work with 
fuch fpare hands as could be afforded him for that purpofe ; 
and it is to the plan (tab. XVI.) done by that officer, that it will 
be neceffiiry to refer in any thing regarding locality, in what 
has hitherto been faid, as well as in the fubfcquent relation. 

The lower end of the bafe had for fome time paft been dif* 
tinguiffied by a St. George’s flag fixed to the top of a fir fpar, 
thirty-five feet in height; and one of the fignal bell-tents ftill 
remained at the ftation near the fummer-houfe. A rope of 
200 yards being made very faft by a ftrong iron picket, driven 
into the ground at the bottom of the flag-ftaff, the other end 
was carried on along the bafe, and placed at the bottom of a 
camp-colour, in a line with the bell-tent. The rope being 
wound around a ftrong iron reel, prepared for the purpofe, was 
thereby ftretched extremely tight, a perfon occafionally lifting it 
up in the middle, or at other places, and letting it drop again, fo 
as to bring the whole into the fame ftraight line. Five perfons 
were neceffary for the proper management of the chain; two 
at each end for its adjuftment there, and one towards the mid¬ 
dle, to lay it clofe to the rope, or to bear it up in any particu¬ 
lar place, where the circumftances of the ground rendered 
fuch precautions ufefuh The zero or rear end of the chain 

I i i 2 being 



4'J & Major-General Roy’s Account of the 

being ftrained back fo as to coincide with the point of com# 
mencement, a fteel arrow was placed as eredt as ppffible in the 
femi-circular cavity of the brafs handle at the other end. The 
chain being then drawn on, till the cavity in the rear handle, 
could be applied.to the fuffarrow, a fecond was then placedin 
that of the front handle, and fo on until fix chain lengths were 
thus meafured off;; which terminating the firfl: hypothenufe, a 
beech picket, fomething more than an inch fquare, and about 
feven in length, with N° i, cut upon it,, was driven into the 
ground, , till its head was , nearly, level with the furface. It is 
however* to be remarked, that the fix th .arrow of each hypo- 
thenufe was conftantly left in the ground till the firfl: of the 
fucceeding one was placed,,, to avoid the error that would have 
©therwife arifen in applying the. rear .end of the chain to the 
picket inftead of .the arrows 

In this manner we proceeded on the. 16th-of June, and in-, 
the fpace of about three hours and a half, completed the firfl 
meafurement of the fouth-eafl feftion of the-bafe, comprehend¬ 
ing the thirteen hypothenufes between, the flag-flaff . and flation 
near Han worth Summer-houfe, the diffance being. 7 8 chains or 
7800 feet, making 260.0 yards ; .and the mean temperature of 
the air being 63°, 

On the; fubfequent, day this- feStfoa. was, re-meafured with- 
equal care, when the, total, extent, fell. fhort of the thirteenth 
picket only five inches. And, here it is to . be. obferyed, that a 
confiderable ; part of this difference probably arofe-from the 
ffretching of the, chain acrofs, Wolfey River, at-the fame , time 
that the irregularities of the ground , are greater in this than. 
in either, of the. other two, feftioas, The mean heat of this 
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TKe operation with the chain was fufpended during the 18th 
and 19th. of June, thofe days having been employed in fettling 
certain matters with Mr. Ramsden relative to the deal rods, 
as well as to give time for the making of a holdfaft for the 
rear end of the chain, invented by Lieut Colonel Pringle. 
This machine, whereof the plan at large is reprefented by- 
dotted lines at the handle of the chain, as it is in final! 
by the two elevations adjoining in tab. XVII. eonfifts of a 
lemi-circular iron plate, from the bottom of which projeits 
two double and one fingle prong. In the middle, between the 
two double prongs, a.lemi-circular: cavity is formed, fitted to 
receive the Heel arrow on one fide, while that' ill the brafs re¬ 
ceives it on the other. In a focket in the middle, a ftrong 
wooden handle, refembling that of a fpade, is placed. Thus 
the rear handle of the chain being applied to the arrow, the 
Holdfaft embraces with its double prongs the ftraight part of 
the brafs, and in that pofition, being forced into'the ground by 
the a&ion of a man at the handle, the rear end of the chain is 
thereby kept fo firm as to be immoveable by the efforts of the 
two men at the other end, in ftretohing it to its true pofition, 
for the front arrow. 

On Monday, the 21ft of June, the operations were refumed, 
by meafuring twice with the chain (forwards and again back¬ 
wards) the thirteen hypothenufes comprehended in the fecond 
fe&ion of the bafe, between Hanworth Summer-houfe and 
the north-weft bank of the great road (an old Roman way) 
leading, from Staines to London. This being the fmootheft 
part of the Heath, and the holdfaft being now applied, the 
two meafurements differed only one inch and a half in the 
diftance of 7800 feet. This inftance of accuracy is alone fuf-> 

fieiens 
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ficient to prove the great excellence of the chain, although 
another will be given hereafter {till more furprifing. 

On the fame day that the fecond feftion of the bafe was 
meafured, the levels of that and the firft were taken. The 
operation of levelling is fo univerfally known, as to render any 
detail of it unneceflary. It will be fufficient to fay, that the 
lpirit level made ufe of on this occafion was a very good one, 
about eighteen inches in length, and could at all times be very 
readily and accurately adjufted by inverlion in its Y’s. The tops 
of the pickets, marking the hypothenufal diftances, were the 
points on which the levelling rods were placed on each fide of 
the level; which being inverted at the intermediate picket, 
points equi-diftant from the center of the earth were thereby 
obtained, at the crofs vanes of the levelling rods, and no cor¬ 
rection for curvature or refraction neceflary. It will be readily 
underftood, that the relative heights of the pickets were found 
by meafuring their diftances from the centers of the crofs 
vanes and axis of the telefcope refpeCtively. 

The ftx firft columns towards the left-hand of the 
firft or general table fubjoined to this Paper, ihew dif- 
tin&Iy every thing relating to the levels of the whole 
bafe, thofe of the third feclion having been determined 
on the 2 2d of June. By examining the table Sit will be 
feen, that the a (cent on the firft feCtion is 10.555 feet, 

on the fecond , ■ . ’8.580 

.and on the third , 12.130 

Total , , 31.265 feet, be¬ 

tween the lower extremity at Hampton Poor-houfe, and the 
higher near King’s-Arbour, 


The 
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The computed numbers in the feventh column are the 
reductions *' depending on the aforefaid heights, or the dif¬ 
ferences between the hypothenufal diftances of 600 feet each 
and the reduced bafe diftances. With regard to the remaining 
columns of the table, or thofe towards the right-hand, they 
will be feverally fpoken to hereafter, in taking into confidera- 
t’1011 the expanfion of metals, as determined with great accu¬ 
racy by the experiments with the pyrometer. 

Hitherto no ufe had been made of the tranlit inftrument: 
for, in order that it might be applied to advantage, there was 
a necefiity for laying the wheel into the ground at the lower 
end of the bafe, and fo to modify the St. George’s flag-ftaff 
that, being placed in the pipe, it might be fteadily fupporteif 
by braces in a true vertical portion; which we found, from 
experience, could not be effected by ropes only. 

The wheel being accordingly laid in its place, and the other 
precautions taken for feeuring the flag-ftaff, which was like- 
wife painted white, that it might be more diftknftly feen from 


* The reduftion in the feventh column, I have computed by the difference 
between the fquare of the hypothenufe, a dually meafured, and the fquare of 
the height found by the level; and Lieut* Colonel Calderwoob has done the fame 
thing by a much fhorter method. Thus, in the annexed 

figure, CE being the hypothenufe of 600 feet, DE the f js/gj 

perpendicular height obtained by levelling, DB there- f 

du&ion required, or the difference between the hypo t he\\ 
nufe and true bafe ) then, fubfiituting the chord BE in-A G> DB 

ffead of DE, the following analogy is obtained) AB : BE \i 
B E 2 

BE ; DB) eonfequently, —~ DB t that is, the fquare of the perpendicular 

AB 


height being divided by double the difiance, or i200 feet,-the quotient is equal to 
DB the redu&ion, without fenfible error* For if DE were four feet, the greatefi 
perpendicular height in the bafe, BE the chord would only exceed it -rei-ow, which 
would not be more than part of an inch. The difference between the refults ? 
by the two modes of computation, is fo trifling as not to deferve notice, 

the 
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the farther extremity; on the 2ad of June, the tranfit inilra- 
meat was adjufted over the thirteenth picket at Hanworth 
Summet-houfe, while directed upon the flag-ftaff. But it being 
now found, that the vertical plane palling through the flag-ftaff 
fell to the eaftward of the center of Banfted Spire, therefore 
the tranfit was gradually moved to the eaftward, until by 
repeated trials the three points were perceived to be in the fame 
vertical plane, when the picket was moved, and re-placed 
exactly under the axis of the telefcope, a few inches from its 
firft pofition. The fame operation was repeated at the twenty- 
fixth ftation, on the farther bank of the Staines Road; and, 
laftly, at the forty-fixth, forming the north-weft extremity of 
the bafe; where a pit was immediately dug for the wheel, 
which was placed therein, without however filling in the earth 
for the prefent, that being deferred till near the completion 
of the meafurement with the deal rods. Thus the two extre¬ 
mities, and two intermediate points of the bale, being accu¬ 
rately placed, by the help oft the tranfit inftrument, in the 
fame vertical plane with Banfted Spire, it was eafily feen, that 
by arranging camp colours in the intervals at any time, all the 
other points might be brought fo nearly to coincide with thefe 
firft, as not to occafion, by deviation, any ftenfible error in the 
meafurement afterwards to be made. This application of the 
tranfit (hewed us, however, that fome labour had been loft by 
not ufing it footier;: for at the Staines Road, the trad! cleared 
by the foldiers deviated about two feet and a half too much to 
the weftward for the true line;:; and at King’s Arbour it was 
twice as much; fo that we were now obliged to widen the 
cleared traft, by adding to the eaftern fide of it. 

On the fame day that the chief points in the bafe were fixed 
by means of the tranfit, and the levels of the third feftion 

taken 
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taken as before-mentioned, the rough meafurement of that 
fedion with the chain was completed, and found to contain 
nineteen hypothenufal diftances of 600 feet each, and one of 
404.55, making in the whole 11804,55 feet, between the 
twenty-lixth Ration at the Staines Road and the center of the 
pipe near King’s Arbour, the mean temperature being 62°!. 
Here it is to be obferved, that this laft fedion was only mea- 
fured once with the chain, the trad not being yet fufficiently 
cleared to admit of its being done to the bell: advantage; and, 
when completed, it was judged to be better to proceed diredly 
in the operation with the rods, than to lofe time in the ufual 
repetition, fince the merits of the chain, in this way of ap¬ 
plying it, were already fufficiently well ellablifhed ; and any 
future tells to which it was to be put were propofed to be of 
a more rigid nature. 

When the length of the chain, in its original Hate, was 
afcertained by the dots on the brafs pins in the New-England 
plank, it was found, in the then temperature of 74 0 , to ex¬ 
ceed the 100 feet by near one quarter of an inch, or 0.245 inch. 
Therefore, in the temperature of 63°, being that in which 
the lengths of the deal rods were laid off, and differing very 
little from what was likewife the mean heat of the air, when 
applied upon the Heath, the chain, according to the experi¬ 
ments on the expanlion of the very fame Heel, would exceed 
the 100 feet by 0.161 inch, or 0.0134 foot. Hence the 
fum of the three fedion s of the bafe, 274 chains, being mul¬ 
tiplied by 0.0134 foot, we lhall have 3.67 feet for the equation 
of the chain -f- 4.5 5 feet, to be added torts length, which will 
then become 27408.22 feet from the center of one pipe to the 
center of the other : and this would have been the true length 
of the bafe, as given by the rough meafurement with the 
Vol. LXXV. K k k chain, 
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chain, if the furface had been one uniform inclined plane 
throughout its whole extent. But, although the afcent of 
Hounfiow-Heath is fo fmall, and fo gradual, as to eccafion. 
little more than half an inch of reduction, from the 46 hypo- 
thenufal to the 46 bafe diftances, into which it is divided, as 
may be feen by referring to the table; yet eaeh of thefe hy- 
pothenufes containing again many other fmall irregularities, all 
of which affeCt the meafurement by the chain, in proportion to 
their number and height, in every fpace of 600 feet, their 
united- effects, including the lateral; deviations from the true 
line in measuring, do fomewhat more than compenfate for the: 
extra-length of the chain, as will be feen hereafter in com¬ 
paring the length of the bafe juft now obtained with that; 
given by the rods. 

The weather, which during the greater part of June had: 
been wet, became ftill worfe towards the end of the month 
and firft week of July; fomuchfo, that even if the deal rods-* 
had been ready they could not have been ufed with advantage. 
The foldiers, neverthelefs, were not idle,, being, when the. 
weather would* permit, partly employed in clearing the Heath, 
and partly in affifting Mr. Reynolds in the furvey, towards* 
the perfecting of which many chief points were fixed by; 
means of my aftronomieal quadrant, placed fan that purpofe at: 
feveral different ftations of the bafe.. At this time too (July. 
8th) I levelled from the lower end of the bafe to the furface-of 
the Thames at Hampton, and; found the defcent to be 3.6.1? 
feet. 


Meafuremenii 
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Meafurement of the Bafe with the Deal Rods* 
Tab. XVI. and XVIII. 


Such extraordinary care and pains had been bellowed in the 
conftrudtion of the deal rods, in order to render them the beft 
which had ever been made, that, although begun early in 
June, they were not completely finiihed before the 15th of 
July. They were brought that afternoon by Mr. Ramsden, 
together with the various parts of the apparatus neceffary for 
their application in the field, to the camp now moved from 
Harrworth Summer-houfe to the interfe&ion of the bafe with 
Wolfey River; whence they were tranfported, early next 
morning, to the pipe near Hampton Poor-houfe, where we 
were met by Sir Joseph Banks, accompanied by MeflT. Blag- 
den, Cavendish, Lloyd, and Smeaton, all ready to lend 
their affiftance in the fuMequent menfuration. 

Before I proceed farther, I think it here incumbent upon 
me very gratefully to remark, that the refpedtable and very 
worthy Prefident of the Royal Society, ever zealous in the 
caufe of fcience, and who had repeatedly vifited the heath, to 
offer aid, if fuch had been neceffary, while. the firffc and 
rougher part of the operations were going on j now, that others 
of a more delicate nature were to commence, and where it was 
of importance, that thofe entruffedwith the execution fhould 
meet with as few, and as'fhort, interruptions as poflible, not 
only gave his attendance from morning to night in the field, 
during the whole progrefs of the work; but alfo, with that 
liberality of mind which diftinguifhes all his adtions, ordered his 
tents to be continually pitched near at hand, where his immediate 

X k k 2 guefts, 
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guefts, and the numerous' vititors whom curiofity drew to the- 
Spot, met with' the moft hofpitabl'e Supply of every neceffarjp 
and even elegant refreshment.. It will eafily be imagined, how 
greatly this tended to expedite the work, and how much more 
comfortable and pleafant it rendered the labour to all who? 
obligingly took part in it ; but more efpecially to him, who, 
being a volunteer in it: at fir ft, considered himSelf as bound to* 
perfevere in his beft endeavours to bring it. to a fuccefsful con— 
elufiom 

From the description that has been given of the deal rods, it 
will be remembered, that they are fitted to be applied in mea¬ 
suring,. either by the coincidences of lines, inlaid one inch and 
a half from each extremity,., or by the contafts of the Spherical 
lips of the bell-metal with which they are tipped. The firft, 
Seeming to be the moft accurate, although the moft, tedious 
method, was that by which we propoSed to Set out.. 

The flag-ftafF having been previoufly removed from the 
pipe, and the braSs cup filled with water put in its ftead, all 
the neceftary precautions being likewife taken for preferving 
the line of direction, horizontally, by the rope ftretched along 
the firft hypothenufe, and vertically, by means of the boning 
rods; the firft ivory line on the firft rod was brought by the 
plummet to coincide with the center of the cup, in which 
pofition, being clamped, it accurately marked the commence¬ 
ment of the bafe. The Second rod being now applied to the 
firft, and moved up by the apparatus formerly deferibed (tab.* 
XVIII.) till its line coincided with that on the firft ; and, in 
like manner, the third rod being applied on. the alternate fide 
of the fecond, moved up and clamped as the reft*; thus the, 
exadt diftance of lixty feet was afeertained, care being always 
taken, that the firft adjuftments were...not difturbed, while the 

fubfequent 
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febfequent ones were forming. The clamps fattening the firtt: 
rod to its ttands being then detached, it was carried by two 1 
men and laid on the alternate fide of the third; and fo on in 
fuccdiion, until fifteen rod lengths were meafured off, being, 
the half of the firtt hypothenufe. 

The time confumed in meafuring this fhort diftance of 300 
feet was not lefs than five hours ; owing, as has been formerly 
mentioned, to the confined-nature of the apparatus for moving, 
the rods on intoeoincidence, which required fuch nicety in placing: 
the ttands, as could not be effected until after feveral repeated 
unfuccefsful trials^ All the executive people were therefore of 
opinion, that it would be proper to difcontinue this mode of 
meafurement, at leaft until a more convenient apparatus could- 
be thought of for the purpofe; and that, in the mean time,, 
we fhould proceed by the method of contacts, as the only al¬ 
ternative we could for the prefent adopt *. 

The rods being accordingly placed in contact with each 
other, we foon made greater progrefs, finilhing the operations 
of the day at the middle of the fourth hypothenufe, where 
the tripod, with its guard, was placed, to preferve the point of 
commencement for the enfuing morning.. 

* Although lacquiefced in this change thus become neceffary, yet it was with 
much reludtance, becaufe it left undecided the contefted point, with regard to - 
coincidences and contacts. If we could have proceeded with the coincident rods 
till eighty.one lengths were meafured oily and then meafured back the fame fpace 
by placing eighty rods in contact, the point would have been clearly fettled. For 
if the termination of the eightieth rod agreed exactly with the point of departure,, 
contafts being the moil expeditious would have been judged the belt method. On 
the contrary,.if the eightieth rod fell fhort of reaching the point of-departure, 
there could have been no doubt, that the difference muft have a rifeiy from; 
butting one rod againfl the other, whereby a certain frnall proportion of each^ 
rod. came to be loft, in-.the account, by being meafured twice over. 
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The meafuring rods, when put into the cheft in London, 
had been compared and found to agree with the ftandard. The 
comparifon was not repeated on the f 6th ; but this being done 
on the 17th, at 7 h. A.M. under the oil-cloth canopy at the 
camp, they were found at a medium to exceed the ftandard by 
one-fiftieth of an inch, the temperature then being 62°. After 
the comparifon they were carried to the place of the tripod, 
when the operation was refumed by bringing, with the help of the 
plummet, the fame point of the rod with which we had left off 
work, to coincide with the interfedlion on the brafs ruler. The 
meafurement of this day was clofed at the end of the tenth hypo- 
thenufe, when the rods being carried back to camp, were com¬ 
pared, and found accurately to agree with the ftandard. 

A confiderable fall in the barometer, between the evening of 
the 17th and the morning of the 19th, portended rain. Ne- 
verthelefs, all parties repaired to the place of rendezvous, 
which was appointed at the lower end of the bafe, in order to 
re-meafure the two firft hypothenufes, by placing all the rods 
in contact, which on the 16th had been done partly one way 
and partly the other. The operation being according repeated 
with great care, the point of the fixtieth rod, which formerly 
correfponded to the center of the fecond picket, was now found 
to be pufiled forward exactly forty-five inches, anfwerable to 
the deficiency on the fifteen coincident rods, with which she 
menfuration was begun. It now began to rain, therefore the 
rods were carried back to camp, and being feverally compared, 
they were found to exceed the ftandard each by one-thirtieth of 
an inch, oceafioned by the extraordinary humidity of the air. 
A heavy rain enfued ; and what made this much more regretted 
by all was, that in the forenoon their Majefties gracioufly con- 
defeended to .honour the camp with their prefence, and con¬ 
tinued 
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tinued there fome time ; but the weather becoming rather 
worfe, it .was utterly impoffible to jfhew their Majefties the 
nature of the operation, by any progrefs that could at that 
time be made in the work. 

After a continuance of unfavourable weather for feveral days, 
the operations were refumed atp.h. A.M. of the 23d, when the 
rods being compared were found ftill to exceed the ftandard by 
one-thirtieth of an inch,, and the temperature now was 6i°. 
Here it is to beobferved, that in'our progrefs forward, an accu¬ 
rate regifter had been all along kept of that point of each rod- 
correfponding to the center of the hypothenufal pickets, by 
noting its diftance from either end, whereby the error of the 
chain at each flation was readily difcovered, at the fame time 
that the ^evolutions of the three rods ferved to keep the account 
of the total meafurement. In order, therefore,., that this me¬ 
thod might be diftindlfy adhered to, it was" judged proper to 
pufh on the rod that lay over the tripod at N° 10. exa&ly forty- 
five inches, to make good the deficiency of the firft fifteen 
coincident rods, and that the account might be kept from the 
lower end., of the bafe in entire rods of 243, and complete 
revolutions of 729 inches each. This being done, the reft- 
were placed in the ordinary fucceffion; and we. finifhed the 
bufinefs of the day at the eighteenth ftation,. where the rods 
being compared at 6 h.. P.M. their mean length was found to 
exceed that of the ftandard T * T th part of an inch, the tempera¬ 
ture then being 54 0 . 

On Saturday the 254th. of July, the rods were three times 
compared;: at 7 h. 30' A.M., 11 h. 15'' A.M., and 5I1. 45' P.M. 
Their mean excefs above the ftandard was found to be one- 
thirtieth of an inch, and the mean heat 64°. In the courfe of 
the day^ the measurement was continued from the eighteenth to- 

the.: 
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the twenty-feventh ftation, or fir ft of the third feCtion of the 
bafe, where the tripod was placed as ufual; and there it re¬ 
mained untouched, on account of bad weather, till Monday 
the 2d of Auguft. 

Confidering how much time and labour had been beftowed ill 
obtaining what we certainly had every reafon to conclude were 
the heft deal rods that ever were made, it was no fmall difap- 
pointment now to find, that they were fo liable to lengthen 
and fhorten by the humid and dry ftates of the atmofphere, as 
to leave us no hopes of being able, by their means, to deter¬ 
mine the length of the bafe to that degree of precifion we had 
all along aimed at. But fince more than one-half of it was 
already meafured, it was judged proper to proceed with them in 
their prefent ftate, and then to have them carefully painted or 
Varnilhed, before they Ihould be farther ufed. 

The unfavourablenefs of the feafon, and delays in obtaining 
the inftruments, had already been the caufes of protracting the 
operations on Hoimflow-Heath greatly beyond what was at 
firft expected ; and the failure of the deal rods gave no imme¬ 
diate profpeCt of their being fpeedily brought to a oonclufion. 
On revolving in my own mind the different alternatives we 
might ultimately be obliged to have recourfe to, metal rods of 
fome kind or other, whofe expanfion could always be deter¬ 
mined by experiment, feemed to promife a refiuIt that might 
be fafely relied on. Caft iron was what I had thoughts of 
propofing, knowing from an experiment which I had made 
myfelf, that it expanded lefs than fteel. The cumberiomenefs 
of its weight appeared indeed objectionable; but that incon¬ 
venience was either to be fubmitted to, or one of another kind, 
namely, the reduction of the length, which was always, if 
poffible, to be avoided.. 
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At this time Lieut. Colonel Calderwood could not convex 
niendy lend us his affiftance in the field ; but he vifited us. 
oecafionally, and on one of thefe vifits propoled to me, that 
glafs rods Ihould be made ufe of in (lead of deal; putting me in 
mind of another experiment * that I had made, which feemed to 
fhew that folid glafs rods expanded lefs than tubes. This pro- 
pofition the Lieutenant-Colonel, before he came to the heath, 
had made to Mr. Ramsden, who appeared averfe from making 
the trial, becaufe of the great length of the rods, and the 
brittlenefs of the material. Neverthelefs, it being fufficiently 
obvious, that glafs rods or tubes of the full length, or fome- 
throg approaching towards it, would be much fooner provided 
than any metal rods whatever, and the faving of time being, 
a point of eonfequence,; Lieut. Colonel Calderwood was ac¬ 
cordingly requefted to make the trial at the glafs-houfe, as foon 
as pofiible after his return to town. Next day he fueceeded in 
getting a, fine tube drawn, eighteen feet long, and about one 
inch in diameter; and there feemed to be no longer any 
doubt, that thofe of the proper length might be obtained. It 
was found, that folid glafs rods of fuch extraordinary dimenfions- 
could not be had, it being impoffible to take at once a fufficient 

* The experiment Here alluded to was made, with’ Mr. Cumming’s pyrometer,, 
which from its confiru&ion did not admit of a very accurate efiimation of the 
heat communicated to the fiandard bar, the rod, and tube refpedtively. Either,, 
therefore, the natures of the glafs rod and tube; made ufe of at that time, mud: 
have been very different, to caufe the difference of expanfion; or fome circum- 
fiance in the infirument unattended to had occafioned the fallacious appearances: 
fpr it will he found, from the experiments, hereafter to be given in detail, that a 
folid glafs pendulum rod expands fully as much as, nay in this particular infiance 1 
even more than a tube ; but different glafs,. having different fpecific gravities,, 
will no doubt be fufceptibleof different degrees of expanfxbility, 
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quantity of the melted metal on the irons, made ufe of for 

•drawing them at the glafs-houfe. 

The week of rainy weather, which ended the month of 
July,'occafioriing, as has been faid, a total fulpenfion of the 
operations on the heath, was employed in procuring a fuffi- 
cient number of glafs tubes (one whereof was not lefs than 
twenty-fix feet long) and regulating with Mr. Ramsden 
every thing concerning their conftrudtion into meafuring rods. 
The defcription of them we fhall however defer until the time 
of their application in the field, after having finilhed the opera¬ 
tion with thofe of deal. 

On Monday the 2d of Auguft, the operations on the heath 
were refumed at 8 h. 30" A.M. by comparing the rods w ith 
the ftandard, which they were found to exceed by one-fortieth 
of an inch, the temperature then being 66°. The forward 
end of the rod now placed over the tripod at N° 27, com¬ 
pleting the 800th length, reckoned from the lower end of 
the bafe by rods of 243 inches each; and thefe being equal 
to 810 rods of 240 inches ; it was judged proper to mark a 
point upon the ground correfponding to this forward end, that 
it might be referred to in returning back with the meafurement 
by the glafs rods. This was done by finking two fmall pickets 
into the ground, about a foot afunder, one on each fide of the 
bafe, and at right angles to it. A filk thread being then 
ftretched over the tops of the pickets, and gently moved on 
till it touched the filver wire fufpended from the end of the 
rod, fine notches were then made with a pen-knife in the tops 
of the pickets, whereby the thread could be replaced in the 
fame fituation ; which being done, the pickets were covered over 
with earth. In the courfe of this day nine hypothenufes were 
meafured; and at 7 h. P.M. the tripod was placed at the thirty- 

fixth 
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fix th flat ion. The rods, being now compared, were found, to* 
agree with the ftandard; and the temperature was 6 f{.. 

On Tucfday the 3d of Auguft, the rods were compared 
at 7I1. A.M. and found only to exceed the ftandard by one- 
fixtieth of an inch, Being arrived at the middle of the forty- 
firft hypothenufe, a point correfponding to the forward end of 
the 1215th rod was transferred to the ground by the double 
pickets and lilk-threadV as had been done at the twenty-feventh 
ftation, The meafurement was then continued to the north- 
weft extremity of the bale, which was found in the whole to 
contain 1353 complete long rods of 243, inches each* 4-21- 
inches, where the tripod was placed, in the point which of 
courfe correfponded to the 1370th fhort rod of 240 inches 
each, equal to 328800 inches, or 27400 feet.. To which* 
diftance we have yet to add 4.31 feet, being: the Jfpace inter¬ 
cepted between the interfe£tion on the tripod and the center of 
the pipe marking the north-weft extremity of the bafe; whole 
total length,, as given by the deal rods, without regard to ex¬ 
panlion,. or reduction of the hypothenufal line,, becomes? 
27404.31 feet. And here it is to be obferved, that the inter- 
feftion on the tripod terminating the 27400 feet only over-lhot 
the picket anfwering to the 274th chain by two inches and! 
nine-tenths. But this nice agreement between the refult by 
the deal rods,, and: that furnilhed by the rough meafurement 
with the chain, arifes from the extra-length of this laft, which. 
£0 nearly compenfated for all the irregularities of the furface. 

The meafurement with the deal rods being finilhed, they 
were compared at 5 h. PM. and found to agree with the’ 
ftandard, the temperature then being 75 0 . 
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Rxpanjion of the Deal Rods . 

It lias been an opinion generally enough, although, as we 
have feen, erroneoufly received, that very ilraight-fibred deal 
was not at all, or but little, affefted longitudinally by the hu¬ 
midity of the air. That we might not be led aftray by tfuft- 
ing to fallacies of this fort, the ftandard rod had been provided; 
which being always clofely (hut up in its cheft, except during 
the Ihort interim of comparifon, could feel but a fmall propor¬ 
tion of the effefts which the meafuring rods fuffered, thele 
being conftantly expofed to the open air throughout the day, as 
well as to the moifture of the night, when lying under the 
oil-cloth canopy. The ftandard rod, it is true, could not be 
accurately compared with the brafs fcale : for although when 
con hr Lifted, brafs pins, forty inches afunder, had been driven 
into its item, for the purpofe of fuch comparifon, yet thefe 
had afterwards been difplaced, or at lead; the points upon them 
defaced, by the planing over of the upper furface. This cir- 
eumftance, which was unattended to when the operations 
commenced, is now of no confequence; becaufe, from an ex¬ 
periment hereafter to be mentioned, the lengthening of the ftan- 
dard may be pretty nearly afeertained. But fince there are fome 
contradiftory circumftances, foon to be mentioned, in the ope¬ 
ration with the deal rods, which would have made a repetition; 
of it abfolutely neceffary, if we had not now obtained thofe of 
a different kind, fo very unexceptionable in their nature and 
mode of application, as, in the prefent cafe, to admit of no 
competition between the two refults, and to render it improper 
on our part ever to have farther recourfe to the firft fo there 

can 
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can be little doubt, that deal rods will be univerfally rejected by 
other countries, in any meafuremeiits they may have occafion 
to make in future. 

About the 10th of July, two rods, one of New-England 
and the other of Riga deal, being meafured by the fixed points 
in the great plank in Mr. Ramsden’s {hop, and having each 
two brafs pins driven into them at the diftance of twenty feet, 
were laid on the top of the houfe, where they remained until 
the 26th, the weather, for the greater part of the time, having 
been very wet. They were then taken down, and being, by 
means of the long beam compafles, compared with the mea- 
fures on the plank, the New-England fod was found to have 
lengthened 0.031 inch, and the Riga rod 0.041 inch. By which 
experiment the fa£t feems to be eftablifhed, that Riga red 
wood, notwithftanding the quantity of turpentine which it 
contains, is more fufceptible of the effects of moifture than 
New-England white wood. Mr. Ramsden likewife finds, 
that the great plank fo often mentioned, fuffers, in ordinary 
fumrner weather, an alternate expatifion and contraction, 
amounting at a medium to 0.0041 of an inch every day : that 
is to fay, if the diftance between the twenty-feet brafs points 
be meafured from the fcale, by means of the beam compafles, 
in the evening, it is found to have lengthened next morning 
0.0041 of an inch, by the humidity of the intervening night. 
In the courfe of the following day it contrails again to its for¬ 
mer length, and fo on. Mr. Ramsden has often obferved 
this alternate change in the deal plank ; but it was particularly 
on the 11 th and 12th of Auguft, that the quantity was actually 
meafured. It will readily be underftood, that any difference of 
temperature which might have happened in the brafs fcale, at 

tbs 
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the times of companion^. was always carefully taken into the 

account. 

Now, from this lafl experiment-, it feems probable,, that we 
&all, not be very wide of the truth in fuppofing, that the 
tondard deal rod, which lay clofed up in its cheft, under the 
canopy on Hounflow-Heath, would fuffer the fame fort of 
alternate expanfion and contraction with the above-mentioned! 
plank ; that is to fay, being- of Riga wood,, its mean expan- 
lion about the middle of the day would be ©f an inch.. 

By this quantity then we muft augment the aCtual obferved’. 
expanfion of the meafuring rods, in order to obtain within, 
certain probable limits (fince we cannot determine it accurately)) 
the equation for the expanfion; or that fpace by. which the 
apparent meafurement, given by the 1370 deal rods, Ihould be 
augmented in order to obtain the true length of the bafe; or 
that which would have been given by unalterable rods, of the: 
fame original length with thofe of deal* as exprefied in the 
following table. 


Table 
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Table of the Expanfion of the Deal Rods. 



N 3 of 

Hour of 

Temp. 
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Equation 
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of the 

ed ex- 
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for the 
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meaf. 


air. 

panfion. 
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h. , 


In. 


In, 

In. 

In. 

July 16 
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62 / 

yiyth 1 

O J 

0.010 
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0.2625 

I * 3 I2 5 

i i 
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r} 
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1.950 

0.4875 

2*4375 

23 

24 Q| 


9 oA.M. 
6 oP.M. 


TS 1 

ZT J 

0.021 

5.040 

0.6000 





7 30A.M. 

61 

I % 

i<5T ] 



0.6650 


24 

270I 


i\ 15 A.M. 

66 

j 

0.033 

8.910 

9*5750 

1 


5 45 P- m - 

64 

TJ J 

■ ; 




Allg. 2, 

270* 


8 30A.M. 
7 oP.M. 

66 j 
6 7 i 

* }, 

0.0125 

3*375 

0.6650 





7 oA.M. 
5 oP.M. 

5 6 1 
75 J 

0 / 

| 0.017 

°*493 

0.7250 

I.2l80 

Total 

* 37 ° 

- 

- - 

- - 

~ - ' 

20.818 ! 

i 

3405 

24.223 


N. B. Although the rods were not compared with the ftandard on the 16th 
of July, yet the expanfion probably was, and therefore has been eftimated, at 
the fame rate as it was found on the following day. 


By examining the preceding table, it will appear, that the 
total expanfion on the 1370 deal rods, including the final! 
equation for the lengthening of the ftandard, amounts to 
24.223 inches, or 2.02 feet; which being added to the appa¬ 
rent length of the bafe 27404.31 feet formerly obtained, we 
fhall have, for the hypothenufal length, 27406.33 feet : and 
from this deducing 0.07 foot, the excefs of the hypothenufal 
above the bafe line, or the reduction contained in the feventh 
column of the general table of the bafe, there will remain 
27406.26 for thediftance given, by the deal rods, between the 
1 centers 
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centers of the pipes terminating the bafe, reduced to the level 
of the loweft,. or that at Hampton Poor-houfe, in the tempe¬ 
rature of 63°, being that of the brafs fcale when the lengths 
of the deal rods were laid off. All this, however, fuppofes 
three things to be abfolutely certain: fir lb, that the expanfion 
of the rods has been accurately eftimated; fecondfy, that no 
error has arifen from the butting of the rods again ft each 
other, in order to bring them into contact; and,, thirdly, that: 
no miftake of any kind has been committed in the execution.. 
When we come to- give the true length of the bafe, as ulti¬ 
mately ascertained by means of the glafs rods, it will appear,, 
that one or more of thefe three, have actually taken place;; 
although it is moft probable, that only the two firft fourcea of 
error have contributed their ihare of the total difference be¬ 
tween the two refults. But the difcuffion of this point muft 
be deferred for the prefent; and I fhall now finifh the fubjedt: 
of the expanfion of the deal rods, by mentioning two other 
companions of them, which ferve to (hew ftill more obvioufly,, 
how improper they are for very accurate meafurement! 

It has already been remarked, that the laft week of July 
was fo wet as to, occafion a total fufpenfion of the operation s on- 
JIounflow-Heath. On the 26th of that month, at 8 h. A M«. 
the temperature being then. 63°, the rods were compared with, 
the ftandard, and found to exceed it, v at a medium, one-fifteenth, 
part of an inch. Now, if we fuppofe. the whole bafe to have, 
been meafured. with the rods in that ftate, the difference would 
have amounted to more than y% feet,, exclufive of what the 
ftandard itfelf might have altered from its. original length. 

The other companion was made at Spring-Grove, in the 
beginning of September, after our operations on the heath had 
been finilhed, and the deal rods with their apparatus depofited 
7 undex 




underthe roof of Sir Joseph Banks’s Barn. The objeft here 
in view was the meafurement of fuch a fpace as the garden 
would conveniently admit of, when the rods were in their dry 
or contracted ftate; and to re-meafure the fame fpace next 
morning, when the rods, being left out for the purpofe, had 
imbibed all the humidity they could from the moifture of the 
intervening night. Accordingly, the fourth being a fine dry 
day, the fun fhining bright, and the thermometer about 68°, 
feventeen ftands were arranged in the long walk, with fo much 
nicety in the fame inclined plane as to appear but like one. 
The firft or lowermoft hand had a brafs cock ferewed to its 


top. The two uppermoft, that is to fay, the Sixteenth and 
feventeenth, were of the fixed kind, each with a brafs flide, 
and placed only forty-five inches afunder. The fir ft deal rod 
was made to butt againft the brafs cock, and the reft fuccef- 
fively againft each other, until fifteen rod lengths were mea- 
fured off, and a fine line drawn on the Aide marking the extre¬ 
mity of the fifteenth. That rod being removed, forty-five 
inches, taken from the brafs fcale, were then laid off back¬ 
wards from the line on the flide of the feventeenth to the flide 


of the fixteenth ftand, where another fine line was drawn. 


Thus the fpace comprehended between this laft line and the cock 
on the firft ftand, was juft 300 feet, or fifteen coincident rods. 
During the night of the 4th, which was very fine, the rods 
lay on the fmooth grafs. About fun-rifing of the 5th there 
came on a thick fog, which entirely drfpelled about 8 o’clock. 
At 7 h. A.M. the rods being lifted from the grafs, it was per¬ 
ceived, that the under fides were .perfectly dry, while all the 
reft was quite wet with the dew that had fallen. The four¬ 
teen ftands., comprehended between the firft and fixteenth, 
having their diftances gradually reduced from twenty feet three 
Vcl. LXX V. M m m inches 
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inches to twenty feet, the operation of re-meafurement was 
then begun, by placing the rods in coincidence with each 
other (which was now found to be eafily and accurately efFe£ted 
by a few repeated ftrokes with a wooden wedge only) until the 
fifteen rod lengths were meafured off, and a fine line, cor- 
refponding with the ivory on the fifteenth, was drawn on the 
brafs Aide. This line was found to be o.-^^Sg., or< near half an 
inch beyond that which terminated the-300 feet the. preceding 
evening. Hence it is evident,, that the dew imbibed only in 
one night, or a fpace of time not exceeding fourteen hours, 
©ccafioned fuch an expanfion .in the deal rods, , as in the whole 
bafe would have amounted to 45.484 inches.... 

It is Sufficiently obvious, that this daft ? mentioned jexperl-^ 
ment was more accurate, in the proportion of-about fifteen, to 
One, than any comparifon we could at that time, have made with 
the ftandard, Rut fince immediately, after it rwas.,finifhed,;.the 
fyn fhqne out very bright, it is by. no means certain, howfoon 
the rods would again have cemtraded to their, former length, or 
near it, had they been; expofed to his. rays. Repeated compa- 
rifons for, afcertaining fads of this fort, at. very fhorts-intorims, 
are abfolutely incompatible with the,nature of fuch tedious and 
troublefome operations as the measurement of long bafes: and 
here, indeed, .lies the great objedion to the ufe of deal rods, 
that at no time, can ,wc be certain how foon, after a comparifon, 
has been made, they may- alter their length in a proportion, and 
fometimes top even in a , fenfe, . different. , from what .was, ex^- 
pefted. 
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$&)tfcription of the Glafs Rods, nltiiHately made dfe of to deter* 
mine the length of the Bafe. 'Tab, XMt. 

It has been Already mentioned, that the week of ratty wea¬ 
ther in the end of July was employed in,providing the glafs 
tubes, and in concerting matters with Mr. RaMsden, relative to 
their cotiffru&ion as meafufing rods. NOtwithfianding their 
great length, they were found to be fo ffraight that, when laid 
on a table, the eye, placed at one end looking through them, 
could fee any fmall objesSt in 1 the axis of the bore at the other 
end. 

The nature and ccnftru&ion of the glafs tods, whereof 
three werehniflied for the operation, will be bell conceived by 
considering, with care and attention, the plans and elevations 
Of< them, & in whole or in part, to different 1 Scales in tab. XIX. j 
where likewife may be feen, plans and fe&ions of the ends of 
the tubes, imtheir real dinaen(ions, for the better underffanding 
the Several parts -Of the apparatus placed’ therein. 

The Cafe containing’ the s tube, and Which * ferves •■ to keep it 
from bending-inSts original ftraight pofition, is every where of 
the depth of eight inches, of the Same width in the middle, 
and tapers from ■■thence, "in •a "Curvilinear manner, towards 
each end, -whereit is only two inches and a quarter broad. ‘ It is 
made Of clean white deM, the two “'(ides being half an inch, 
and the top and bottom three-eighths in Cbidknefs. Thefe 
laft are placed hi grooves 1 fitted to receive them, about half an 
inch'from 5 the upper and lower edges of the fides, which bend¬ 
ing eafily, and applying clofely, are then firmly SMfened by 
two rows of wood’fcrews on each fide, to the top and bottom 
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refpeftively. Thus, the depth of the fides in one fenfe, and 
the fpring which, they have by bending in the other, aft as- 
truffes, prevent the cafe from warping, and render it fufl> 
eiently ftrong, although at the fame time, , confidering its great 
length, very light. 

The plan .of the middle rod reprefents the cafe with the top 
off, that the tube may be feen placed therein.: the. right and 
left-hand rods have the tops on, whereby may be. feen the 
oval openihg.ih the middle of each, fliut by a mahogany lid; 
and alfo the pofitions of the two thermometers, with tubes 
bent at right-angles, fo as to place the ball about two inches 
downwards within the cafe, for the better afcertaining the 
temperature of the gl'afs, as will eafily be conceived, by confi¬ 
dering the reprefen-tation of the. tube and ball in the fedion 
acrofs the middle of the rod. 

It is to be obferved, that the middle of the tube is made faff 
to the middle of the cafe in the following manner. Firff, 
around the middle of the tube, a quantity of pack-thread, im- 
merfed in liquid glue,was wound by feveral returns on itfelf, 
for the fpfice of about two inches in length; , and upon thii 
mafs of pack-thread, while the glue was warm, a ftrong ma¬ 
hogany collar was forced; whereby the three fubftances became 
fo perfectly united to each other, that they, might be confidered 
as one only. Acrofs the bottom of the cafe in the in fide, 
three mahogany braces or ghdefs, one in the middle, and one 
half-way between it and each end, .are faffened, by means of 
fcrews, to the bottom and fides.. Thefe rife about i§ inch 
above the bottom, fo as to place the axis of the tube, when iri 
ufe,. about 21 inches above the fur face of the ftands on which 
it reffs. The end-pieces of the cafe are likewife of mahogany* 
about i \ inch thickf Each' ccnfifli of two parts,,a lower and an 
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tipper. In the lower parts, as well as in the crofs braces, there 
are femi-circular cavities lined with broad-cloth, fitted to re¬ 
ceive the diameter of the tube, which refls in them, and is 
confequently fupported at five different points. The upper 
end-pieces, having likewife femi-circular cavities fitted to em¬ 
brace the upper part of the tube, flip down upon it, when it 
has been, by repeated trials, brought to its true pofition; that 
is to fay, the axis of the bore into the fame ftraight line, the 
cafe being all the while fupported by its extremities on two 
flands only, in the manner in which the rods are applied in 
actual meafurement. The braces within the cafe have alfo 
their upper pieces, which, in like manner, apply clofely to 
the tube, and are fixed to the lower ones by means of ferews. 
The whole together ferve only as flays to keep the tube in its 
true place from (haking; but without binding it however too 
clofely. Lafily, the mahogany collar glued to the pack-thread 
on the middle of the tube, being ftrongly fixed by four ferews 
to the middle brace, as may be feen in the fedlion, is that by 
which the tube is kept perfectly immoveable with refpe£t to 
the middle of the cafe; while it is unconfined longitudinally in 
the cavities lined with broad-cloth every where elfe. 

Both ends of the tube are ground perfectly fmooth, and 
truly at right-angles to the axis of the bore. That end, which 
in meafuring ufually lies towards the left-hand (fince mofl: 
people will work the ferew with the right) projects about 
feven-tenths of an inch without the cafe, - and is called the 
fixed end, becaufe the apparatus belonging to it is fixed. The 
other end towards the right-hand projects about nine-tenths 
of an inch, and, having a moveable apparatus, is called the 
moveable end. 
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The fixed apparatus confifts of a cork about three inches in 
length, made of the very beft material, and lb nicely fitted to 
the bore as Juft to admit of being forced into without burfting 
it. In the middle of the cork a cylindrical brafs tube is placed, 
whofe fides are thin, the inward end thick, and the outward 
end open. It receives a Reel pin, whofe inward end being 
formed into a ferew, is thereby fixed into the thick metal of 
the tube. The Reel pin carries outwardly a button and neck 
of bell-metal. The neck fits fb very clofely the open end of 
the brafs tube as to prevent any (hake-there; at the fame time 
that the infide of the button applies very juftly to the ground 
end of the glafs tube, to which the outward fur face (being 
a true plane) is exaflly parallel. 

The moveable apparatus confifts, like the other, of a cork 
and brafs tube of the fame length. Before the infertionof this 
cork, an oblong piece feVen-tenths of an inch long, and two- 
tenths broad, was cut from itj' in'that -part of its cylinder an- 
fwering to the upper part of the outward end of the glafs tube, 
on theinward fur face of which, about half an inch from the 
end, a fine line had been previoufly cut by a diamond point. 
The brafs tube an this«cork contains within it a loofe ftedl 
worm, or helical fpring, 'fortiething lefs. than the interior dia¬ 
meter of-the tube. Along the cavity formed by the fpiral, 
there pafles a fteel pin, like < that ; in sthe fixed end; but it is 
longer, and has no ferew at the inward end, that being nicely 
ground, fo as to fit a circular hole in the inward end of the 
brafs tube, while a triangular bell-metal meek fits One of that 
figure in. the outward end. Thus the pin moves freely back¬ 
wards or forwards without any (hake, and iprefles upon the 
fteel fpring, by means of a circular brafs collar, placed for the 
purpofe, at the inward end of the neck ; while the outward 
c end 
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end Is attached to a bell-metal button. The outward furface of 
this moveable button is Ipherical, deferibed on a radius of 
about two inches; while the inwardTurface,-. like that, at the 
feed end, would apply clofely to the ground end of) the glafs 
tube, but thould not be pulhed fo .far* forward as to touch it. 
A circle and narrow flidS, cufeftom<a folid cylinder >of ivoryj 
fitted originally to enter eafiiy the glafs tube, is attached to the 
infide of the button by . fmall fcrews, and permits the irecfc to 
pafs through a hole made on purppfe in the circle. The Aide 
is about eight-tenths of.an in oh long, and has a fine interfec- 
tion cut upon it near the inwardeud, made black torenderk 
more confpicuous. . Thus,, two rods being brought into contact, 
and the fixed button of one being prefifed againfethe moveable 
button .of>;the.. others,the interfeftion k thereby pufhedfor¬ 
wards? until it coincides with the diamond line on the interior 
furface of' the tube j whole length is fo adjufied, asthat, when 
the coincidence is perfodf, the diftance betweenthe plane fur¬ 
face of one button, , and. the fpherical furface of the other, is 
exafUy.twenty feet. The left-hand..fide of the plate repre¬ 
fen ts the relative pofitiDns of the extremities of the firft . and 
fecond rods, when the ivory* is in coincidence with the dia¬ 
mond line. And the right-hand fide fhews the relative fitua- 
tions of the extremities of the feeond and third* rods, before 
the ivory is brought to coincidence with the diamond line, the 
Hide being^then pufhed out by the aft ion of the fpkal fpring 
within the cork'. 

Every rod has four wheels, two at each end. They are two 
inches in* diameter, and? connefted. by a common fteelaxfe 
which rifos,and falls in a vacuity prepared for its admiffion in 
the mahogany end-pieces, the under p§irt of which vacuity is 
afterwards filled up.,- 
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A brafs ftrap or bridle, about eight-tenths of an inch broad, 
jraffes over the top of the cafe, and defcending down each fide, 
bends outwards, fo as to form a projection for the reception of 
the wheels, whofe pivots turn in, but near to the lower end 
of the bridle, which is kept in its place by means of the two 
fide fcrews working in grooves, and the milled-headed fcrew at 
top. This laft ferves likewife to raife or deprefs the wheels at 
pleafure. 

Each rod has two crofs feet, placed immediately behind 
their refpeCtive pair of wheels, extending outwards about 4! 
inches from the center on each fide. Under their outward ex¬ 
tremities, fmall pieces of hardened Heel, formed into the teeth 
of a file, are fixed by means of fcrews. When the fir ft rod 
has been laid in its true place, by un fere wing the milled heads, 
the wheels are fuffered to rife; whereby the whole weight is 
removed from them, and thrown upon the teeth of the files, 
which then indent themfelves into the furface of the ftand, 
and become as it were united to it. But when the fixed button 
of the fecond rod is brought to prefs againft the moveable but¬ 
ton of the firft, the weight being then thrown upon the 
wheels by ■{crewing the milled heads at top, the rod is eafily 
moved on by thef following apparatus. 

The three rods are numbered, as were thole of deal, 1 .2; 3.4; 
5.6. On the firft or odd end of each rod 1. 3. and 5. there ftands 
a brafs fork, about two inches high, fixed by four fcrews and an 
oblong plate to the top of the cafe. On the fecond, or even 
end of each, 2. 4. and 6.* there'ftands a brafs pillar of the fame 
height with the fork, likewife fixed to the top of the cafe by 
four fcrews and a circular plate. Two fteels rods or hooks 
were indifferently ufed for bringing up the moveable rod (the 
weight then lying on the wheels) into its true place. They 
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are both reprefented in the plate, and only differ from 
each other in the fh|pe of the brafs milled-headed nuts 
that work upon the ferew, of about 2\ inches in length, 
into which the right-hand end of each hook is formed. 
Thus, while the nut enters very freely into, and refts upon, 
the fork, the left-hand end of the hook has a eircular hole in 
4 t, whereby 4 t flips eafily off and on of the brafs pillar. By 
referring to the plate, it will appear fuffieiently obvious, from 
the nature of the nut on the left-hand hook, that it could only 
move the rod on to coincidence, and could not bring it back 
again, if the bufinefs -happened at any time to be overdone ; 
in which cafe it was neceffary to move the rod a little back¬ 
wards by the hand, and then to work anew with the nut., 
until the coincidence was accurate: whereas the nut on the 
right-hand hook, having two fhoulders, could either pufh or 
pull the rod forwards or backwards: and although this ap¬ 
peared to be an advantage, yet it was found from experience, 
that it rather bound the hook too much, and occafioned a kind 
of fpring in the parts, which fometimes difturbed the coin¬ 
cidence on the removal of the hook ; wherefore it was often ap¬ 
plied, like the other, by placing the fcrew itfelf in the fork, 
and working with both flioulders of the nut behind it. 

The pofitions of the thermometers, and mahogany oval lid 
on the top of the cafe, have already been mentioned. This 
laft, being unlocked and removed, permits the cafe to be looked 
into, or the hand to be admitted, in order to be certain that 
the faftenings remain fafe and entire in the infide. Brafs caps, 
with the refpeftive number of the rods engraved on 5 them, are 
likewife fcrewed on the male-fcrews in the ends of the cafe, 
-through which the extremities of the tubes project, to pre- 
ferve them from accidents when not in ufe. -And, daftly, to 
Vol . LXXV". N nn ftrengthen 
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flrengtheii: the cafes, but more particularly to prevent them,- 
from being rent when long expofed to the fun’s rays in the 
field, the fides are covered with brown linen laid-, on very, 
fmoothly, and carefully glued with- thin glue,, ufed as a fironger 
kind of pafte, to which it may yet be neceffary to add a coat 
of. oil paint. 

Each of the glafs rods, .completed in .the .manner- above^ 
mentioned, weighs, about ,fixty-one pounds. Their lengths, 
were afcertained by means of new.brafs points placed in theu 
great plank, the ipaces of forty inches being laid off, with, the, 
utmoft care, from the brafs fcale, when the temperature of all. 
had ,remained for the greater part of two days, (Auguft 15th 
and, 16th) at . or very near ,6.8°* For this purpofe two brafs, 
re&angular cocks* whofe alternate furfaces had been previoufly, 
ground together, .were plag.cd upon the plank, fo*as to hi fed 
the extreme dots,;: in which fituation, they prefen ted to each, 
other furfaces that were truly parallel. The rods being then feve- 
rally placed between the cocks * (or, as was found to be,a better 

method^ 


* The firft of thefe cocks, or that to which the fixed button was applied, had" 
a hole in it exaftly of the height of the center of the -button, and large enough* 
to permit the point of the micrometer ferew ^to pafs through ft, the faid fcrevv, 
beipg, fixed on the farther fide, or beyond the cock. „ Thus, while-The tempera-- 
tare continued, accurately, at 68",- the , fixed button, or any other plane furface, 
being brought up40 the hole in the cock, and the micrometer point fcrewed fo 
far as juft to touch lt, the coincidence continuing in the interim perfe<ft, the exa£b 
diftance of twenty feet was obtained between the point of the.faew and ilia 
fecond cock j at which time the^divifion anfwering to the index on the head of the, 
micrometer was carefully noted.,, This , being done, the cock with the hole was 
removed from the plank, and the,rods.wer,e feverally adjufted by being placed 
between the point pf .the fcrew and the fecond cock. This fubftitution of the 
micrometer point, inftead of the fxrft cock* was found neceffary ; becaufe, during 
the operation of adjuftment, the temperature would.feme times change a degree* 

generally 



Meafurement of a Bafe on Houn'flow-Heath. 449 
■method, between the point of a micrometer fcrew, fupplying 
the place of the fir ft cock, and the fecond) the ivory interfedlion 
was at firfl neceffarily carried beyond the diamond line, fo as to 
make the intermediate fpace lefs than it Ihould be, until by the 
gradual grinding down of the moveable bell-metal button, it 
was enlarged to twenty feet, as then fhewn by the accurate 
coincidence of the interfe&ion with the diamond line. 

It was by thefe diftances in the great plank, prolonged t© 
twenty-five feet, that the new length of the fteel chain was 
■now fettled, fo as to obtain the full one hundred feet at four 
meafurements. At this time too, brafs points were introduced 
into the chain at every twenty-five feet, whereby its extent may 
be compared on any future occafion ; but the temperature had 
now fallen to 66°£. 


Difpofition of the Stands for the dodhle meafurement with the 
Chain and Glafs Rods ; defcription of the apparatus then applied 
to the ends of the Chain ; and ultimate continuation of the 
meafurement with the Glafs Rods alone. Tab. XVII. and 
XIX. 

From the various circumftances already mentioned, in the 
courfe of this tedious, yet neceflary recital, it had been for .a 
confiderable . fpace of time forefeen, that the refult given by 
the meafurement with the deal rods mull be entirely rejected,. 

generally in excefs, from handling the inffruments. One degree of alteration, 
producing a' difference' of about part of an inch in the twenty feet, was 

very eafily and accurately allowed for by fuch a micrometer as this, which Viewed 
the coincidence of the ivory interfe&ion with the diamond line toie more or lefs 
perfect, when the head of the fcrew was moved two d t ivi Sons, that is to fay, 
.Truths- or jsfWth part of an inch. 

N n n 2 


and 
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and that by the glafs rods adhered to, as every way deferving' 
of the preference; beeaufe of the obvious impropriety there 
would be, ill; taking a mean between one indifputably good 
and another lefs perfefl, however fmalh or trifling in reality 
the v difference of .the two might'ultimately be found, on a 
minute and ferupulous comparifon. 

In order, therefore, to avoid any repetition ofl the operation 
with the glafs rods, and at the fame time to give fomething 
like a fair trial to the chain,- ,it was propofed, that a double 
meafurement Ihould be carried on with both at once ; that is 
to fay, that the number of {lands, and feveraiMother parts of 
the apparatus, fhould be fo far augmented, as to admit the 
chain to be placed twice in advance,, and then the rods, to fol¬ 
low in fucceffion on the fame {lands. Accordingly, the various 
articles having been fent.to the north-weft end of the bafe on 
the evening of the 17th of Auguft, the operation of the dou¬ 
ble meafu remen t commenced next, morning the 18 th. 

By referring to tab., XVII. it will, be feen*> that "feventeen 
{lands were ueceflary for fupporting the chain, the. apparatus 
attached to each end of it, and temcoffers,, whereof,every five 
made about ninety-eight feet, . in order that mne length of the 
chain being meafured off in the firft five, it might be drawn 
forward into the* laft five, and fo on. Thefe {even teen Hands 
were dilpofed of imthree groups of three each,.and four, inter¬ 
mediate, between the central and extreme groups.- The mid¬ 
dle or Aide {land of each group (fo diftinguifhed beeaufe feme 
of them had brafs Aides on their tops) Supported the handle of 
the chain, and of courfe, received the traces made at the feather- 
edged pieces of brafs, terminating the beginning and ending of 
the hundred feet. Thus* there were in all fix Hands, inter¬ 
mediate toMthofe in>the center of each group that fupported 
c- th« 
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We ninety-eight feet of coffering, which was kept fo much 
fhort of the hundred feet, that its extreme parts might not reft 
upon, or even touch, the central ftands. To that on the left of 
the center was attached the apparatus for the firftor zeroend of the 
chain ; and to that on the right of the center was attached the 
apparatus for the laft end ’ of the chain. When the fecond 
chain length had been meafured off, the fir ft and lixth of the 
coffer ftands of the firft chain were moved forward to prepare 
for the third chain ; and the four remaining coffer ftands were 
raifed, until their furfaces came into the fame plane with the 
Aide ftands, for the reception of the glafs-rods. The fpace by 
which thefe ftands were raifed was about three inches; for fo 
much higher was the furface of the interfoie or flooring of the 
coffers than the ftands which fupported them. 

The apparatus attached to the firft end- of the chain, or that 
which ferved to pull it back to the point of commencement, 
while a weight continued fufpended at the farther end, con- 
fifts of two parts, as may be feen by referring to the left-hand 
fide of tab. XVII. Firft,' a final! wooden ftame, fitted to flip 
on to the top of any one of the ordinary ftands, placed imme¬ 
diately to the left of that which fupports the handle. . Secondly, 
a flat fteel rod, about two feet in length, wherein a number of 
holes are pierced, about an inch afunder, for the reception of 
a fteel pin placed in one of the holes, as beft fuits the diftance 
of the ftand from the handle. That end of the fteel rod 
neareft to the end of the chain is formed into a fcrew about 
four inches in length, and it receives upon it a forked hook 
fitted to lay held of the ftraight part of the handle of the chain. 
Within the forked hook there works a ftrong milled-headed 
Brafs nut, which afling upon the bottom of the fork, the chain 
is. thereby pulled back, until the wire fufpending the plummet 

fro® 
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from the dart on the feather-edge coincides with the point of 
commencement on the ground underneath; for which purpofe 
there is a hole in the top of the dand through which the wire 
paffes. The apparatus dand, thus ferving to pull back the 
chain, was commonly loaded with double weights, placed on 
the two hindermod legs. 

The apparatus for the lad end of the chain confids, like the 
former, of a fmall wooden frame that can be readily flipped 
upon any of the common {lands, as may be feen by referring 
to the right-hand fide of tab. XVII. This frame carries a 
pulley, over which a rope pafles having fourteen pounds weight 
fulpended at one end of it, while a forked' iron hook at the 
other end lays hold of the ftraight part of the brafs handle. By 
means of thefe two apparatufes the chain is always kept to the 
fame degree of tenfion in its coffers, in each of which a ther¬ 
mometer was placed to indicate the temperature; the whole 
being covered up from the dired rays of the fun by a narrow 
piece of linen cloth, llretched along it from one end to the other. 

Each coffer confided of three boards about half an inch, 
thick. The fides were about five inches deep, nailed at the 
middle to an interfoie bottom of four inches, in fuch manner 
as to be reprefented in feci ion by the letter H. They were ill 
made, being by their parallelogram fhape apt to warp, which 
might have been prevented by giving them the figure of the 
cafes of the glafs rods, that is to lay, making them wide in the 
middle and narrow at each end. 

We are now to proceed to give fome account of the double 
meafurement with the chain and glafs rods; wherein it mud be 
remembered, as alfo in continuing the operation with the glafs 
rods alone, that in referring to the map for the daily progrefs 
in the work, we are going from the forty-fixth towards the fir ft 

fiation i 
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ftation; and in having recourfe to the general table of the bafe, 
for altitude, temperature, or cor reft ion for expanfion, we are 
afcending from the bottom towards the top, contrarily to the 
order in which the operation with the deal rods was condufted. 

On the. morning, of the 18th of Auguft, the Hands with the 
various parts of the apparatus being placed in the manner juft 
now defcribed, the operation was begun by bringing the firft 
end of the chain to coincide with the interfeftion on the tripod, 
anfwering to the end of the 13.70th deal rod, and 4.31 feet 
diftant from the center of the pipe terminating the north-weft: 
extremity of the bafe* The chain, being ftretched along its 
five, coffers by the fourteen pounds weight fufpended over the 
pulley at the farther end, and the temperatures of the five ther¬ 
mometers being regiftered in a book kept for that purpofe, a 
fine trace was made on a piece of card faftened under the fea¬ 
ther-edge at the farther handle, denoting the end of the firft: 
hundred feet. The chain being then moved on into the next 
five coffers, thofe that had been thus vacated were carried for¬ 
ward to prepare for the third chain length, and thereby permit 
the firft fet of Hands to be elevated for the reception of the 
glafs rods; and fo in fuccefiion with the others. 

In this manner we proceeded, and in the courfe of the day 
were only able to meafure the length of ten chains, or 1000 
feet, being the forty-fixth and forty-fifth hypothenufes of the 
bafe, the firft of 400 and the laft of 600 feet. Being arrived 
at this point it was found, that -the fine line on the brafs Aide, 
marking the extremity of the tenth chain, fell jfhort of ano¬ 
ther fine line on the fame Hide, denoting the end of the fiftieth 
glafs rod, juft two-tenths of an inch; Now it will appear 
hereafter, when we come to fliew, by the experiments with 
the pyrometer, what the real contraftions -of the chain and 
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glafs rods were, for the degrees of difference of temperature * 
below that in which their refpeftive lengths were laid off, that 
this fmall apparent difference of two-tenths of an inch, be¬ 
tween the two modes of meafuring the thou fa nd feet, fhould 
have been o. 17938 in. to have made the two refults exactly 
agree, which is a real difference of only 0.02062 of an inch. 
Suppofing then every thoufand feet of the bale to have been 
meafured by the chain with the fame attention, and confe- 
quently with the fame, or nearly the fame fuccefs (and there 
furely cannot be any reafon to doubt of the practicability) we 
fhall have 27.404 x 0.02062 in. = 0.565m. or a defeCt of fome- 
thing more than half an inch on the whole length of the 
bafe. 


* When the length of the chain was laid off, the heat was 66 q f, and that of the 
glafs rods 68°. They will, therefore, only agree with each other accurately in 
thefe refpe&ive temperatures. The mean of twenty thermometers for the four 
chain lengths of the forty-fixth hypothenufe gave a heat of 6i°»6; and for the 
fix chain lengths of the forty-fifth, the mean of thirty thermometers gave 59°.75* 
The temperature of the 400 feet of glafs by the mean of forty thermometers? 
was 65°,3; and of the 600 feet, by the mean of fixty thermometers, it was 
6o°.8. Now, from thefe data, and the expanfions of fleel and glafs, as deter¬ 
mined by the pyrometer, the computation will Hand as follows s 

In, In. In. 


Steei r400 66.5-61.6 =4.9 x0.03052 =0.14955 
1,600 66.5-59.75=6.75x0.04578=030901 

Glaf .4400 68.0-65.3 =2.7 x0.020680:0.05584 
\ 6 oO 68.0-60.8 “7,2 X 0.03102—0*22334 

The 10CO feet of flee 1 fhould have con traded more than 
the IOOO feet of glafs, - - - 



con trad, 
of IOOO 
feet, 
con trad* 
of 1000 
fee t. 


J 3 ut the difference was found to be • •- —,0.20000 


Therefore the error of the chain in defed was - 0.02062X; 27 *404^ 

-0*565 or little than half an ,inch on the whole bafe. 

So 
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So nice an agreement: hpl'wppn two refults, with infliumcnts 
fo very different, could not fail to be confidered as aftonifhing; 
and as it rarely happens, that the graduation of thermometers 
will fo nearly correfpond with each other, as not to occafion a 
much greater error, all were very defirous that it could have 
been farther confirmed by continuing the operation in the fame 
way through a more confiderable proportion of the whole 
length. But befides the tedious nature of the double mea¬ 
furement, owing to the multiplicity of ftands, platforms, 
coffers, and other articles, that were now fucceffively to be 
moved forward, and for which purpofe it had been found ne- 
ceffary to re-inforce the party of foldiers with fix additional 
men ; the operation had already trained out to a much more 
confiderable length than had been expected; the fummer was 
now far advanced, and the continuance of good weather un¬ 
certain; the coffers likewife for the chain, having been con- 
ftru£ted in a hurry, were found to be defedtive: in fhort, all 
thefe reafons contributed to induce us to give up, for the pre- 
fent, any farther experiment with the chain, and to proceed 
with the glafs rods alone in the completion of the meafurement. 

Accordingly, on Thurfday the 19th of Auguff, the opera¬ 
tion with the glafs rods was continued for the five hypothe- 
nufes, from the forty-fourth to the fortieth inclufive. It will 
be remembered, that in proceeding with the deal rods, double 
pickets had been placed in the ground, at the middle of the 
forty-fir ft hypothenufe, or that point which terminated the 
1215th rod, reckoning from the fouth-eaft, or the 155th from 
the north-weft end of the bale. Now, in returning to this point 
with the glafs rods, the extremity of the 155th fell fhort of 
the filk thread ftretched from picket, to picket, juft one-tenth 
of an inch. The expanfion of the brafs ftandard fcale, and 
Von. LXXV. O 0 o that 
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that of glafs being takett into the account j it appears, that the 
fmall expanfion * of the deal rods from the humidity of the 
air, mufti at this point, have exceeded what it was eftirnated 
at in the general table by 0.931 of an inch, fuppofing no error 
of any kind whatever to have arifen in the execution, from 
bringing the rods into contact, or otherwife* 

On Saturday the 21ft of Auguft, the ineafurement was 
refumed at the thirty-ninth ftatioh, and continued for five hypo- 
thenufes to the thirty fifth inclufive* 

This day, about noon, his majesty denned to honour the 
operation by his prefence, for the fpace of two hours, enter¬ 
ing very minutely into the mode of conducing it, which met 
with his gracious approbation. 

On Monday the 2.3d, the menfuration was farther continued 
for five hypothenufes, that is, to the thirtieth inclufive. 

On Tuefday the 24th, we proceeded with the meafurementt 
for the fpace of feven hypothenufes, finifhing the bufinefe of 
the day at the twenty-fecond ftation. 


In* 

+0.383 for i° exctfs of temperature of the brafs fcal'e from 
* 155 deal rods 62° to 63°. 

nr 3100 feet V + 0,651 proportionable part of the eftirnated expanlion from 
V. humidity* 


+ 1.034 equation of the deal rods on 3100 feet* 


r +2*301 for 6° excels of the heat of the brafs fcale from 
62° to 68°. 

*55 g als f° ® ^0,436 obferved contra&ion of the glafs from the ilth and., 

~~ 3 100 ^ 12th columns of the table, 

* 4-0. 100 by which tbe 155th rod fell fliort of the thread* 


+ 1*965 equation of the glafs rods on 3100 feet* 


f Difference of the two equations, under»rated in the 
°' 9 Z l \ expanfion of the deal rods* 

It 
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It will be remembered, that in carrying on the operation 
with the deal rods, double pickets were left in the ground at 
the twenty-feventh llation, anfwering to the extremity of the 
810th rod from the firfl, or the 560th from the laft end of 
the bale. Now, on arrival at this point, the 560th glafs rod 
overfhot the filk thread, ftretched from one picket to the other, 
2.525 inches. Here again we find, that the lengthening * of 
the deal rods from the moifture of the atmofphere differs but 
little from what it has been eflimated at by companion with 
the llandard, being over-rated only two-tenths of an inch on 
the 560 rods. In this day’s operation, in palling the bridge laid 
over the old river, the meafurement, itiftead of being made in 
the hypothenufal, was carried on in the level line, for the 
{pace of twenty rods, namely, fifteen rods of the twenty- 
feventh, and five of the twenty-fixth hypothenufe; which 
occafions the alteration in the reduction of thefe two Ipaces, 
marked with alterilks in the general table. 

As fome trouble had been found to attend the crofling of 
the great road, in the firlt meafurement, owing to the num¬ 
ber of carriages that were continually palling, the depth of 

In. 

* £60 deal f +1.39O for i° excels of heat of the brafs fcale from 62® 
rods r J to 63°. 

11200 ft. 1+5*258 eflimated expansion from moiflure, 

+ 6.648 equation of the 560 deal rods* 


560 glafs 
rods rr 
11200 ft. 


“ + 8.343 for 6° excefs of heat of the brafs fcale from 62° to 68°. 
+ 1.821 obferved expanfion of glafs 1 from columns nth 
— I.191 obferved contraction of ditto J and 12th, 

>. —2.525 over-fhot the filk-thread. 


+ 6.448 equation of the 560 glafs rods. 


0.200 


{ 


Difference over-rated in the expanfion of the 560 
deal rods. 


O o o 2 


the 
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the ditches, and height of the banks of the old Roman way & 
therefore treflels, fuited for the purpofe, had been now pre¬ 
pared: and left any accident might have happened in conduct¬ 
ing this part of the operation, fo as to oblige us to a repetition, 
double pickets were placed in the ufual manner in the ground 
two rod lengths from the twenty-fixth ftation, to which we 
could have referred, without going back as far as the tripod 
left at the twenty-ninth ftation, the point from which we had' 
departed in the morning. 

Bad weather prevented any progrefs being made on the 25th; 
and, on the 26th, all that could be done was to meafure the 
twenty-fecond and twenty-firft hypothenufes*. 

On Friday the 27th, the work went on more expeditioufly, 
having in the courfe of that day meafured fix hypothenufes, 
and placed the tripod at the fourteenth ftation. 

On Saturday the 28th, eight hypothenufes were meafured, 
and the tripod was placed at the fixth ftation. In this day’s 
operation, being arrived near the bridge laid over Wolfey River, 
double pickets were placed in the ground in the point anfwer- 
ing to the extremity of the ii72d rod, reckoning from the 
north-weft, or the 198th rod from the fouth-eaft end of the 
bafe, that we might recur to them in cafe of accident; and 
the eighteen rod lengths, between this point and the fixth 
ftation, were meafured on the level, inftead of the hypothe- 
nufal line, which required the alteration of the reduction as 
diftinguiftied by the afterifk in the general table. 

On Monday the 30th of Auguft, the meafurement with the 
glafs rods was completed * ; when the extremity of the 1370th 

rod 

* The gentlemen who were prefent at, and a (lifting in, the laft day’s operation 
were Captain Bisset, Mr. Greville, Six William Hamilton, Mr. Lloyd, 
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rod over-ffiot the center of the pipe terminating the bafe 
towards the fouth-eaft by 17.875 inches, or 1.49 foot. Hence, 
when the feveral equations for expanfions are refpeftively taken 
into the account, we find, that the alteration of the deal rods 
from the humidity of the air, which, by eomparifon with the 
ftandard, was apparently moll confiderable in the fir ft and. 
fecond feftions of the bafe, has now wholly vaniffied ; that is 
to fay,, the total amount of it has been over-rated by 20.964 
inches*; and this is the- contradiftory circumftance that has 
been formerly alluded to.- 

I have already fuggefted what appear to me to have been 
the only three poffible caufes of this difference, found between 
the eftimated and real expanfion of the deal rods; and as we 
are to abandon that meafurement entirely, it is*of little or no 
importance now to* endeavour to difcover, were it poffible, 
whence it may -have arifen. If any error was actually com- 


and Dr. Usher, ProfeiTor of , Agronomy in;, the. College of Dublin. This laft 
gentleman was fo obliging as to obferve, with the moll fcrupulous attention, 
throughout the whole operation with the gtafs rods, .that the coincidence of the 
fecond with the firft remained undifturbed,while that of. the third with the fecond * 


wascompleting. 

In, 


* 


1370 deal} 
rods zr > 

27400 ft. J 


4 3*389 for i 0 of the brafs fcale from 62° to 63°. 
4 24*223 eftima ted expanfion from humidity. 


4* 27.612 equation of the 1370deal rods. 


r 420.336 for 6° of the brafs fcaleJrom 62° to 68°. 

I37°gl^fs < 4 5.989 obferved expaniion-of giafs;: 1 from columns nth 
rods rz j —- 1.802 obferved contra&ion* of ditto J and 12th, 
27400 ft. I —17.875 fpace by which the 1370throd oyer-ihot the pipe. 

4 6.648 equation of the 1370 giafs rods., 


3 


20.964 over-rated in the total expanfion of the deal rods. 

mitred. 
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mitted, which is the leaft of all probable, it could only have 
happened at the place of the tripod, by bringing a wrong 
point of the ftem over it when the operation was refumed. 
But it is well known, how much care and pains were taken to 
prevent any thing of that fort. Indeed the hypothenufal dif- 
tances, as given by the chain, agreed fo nearly among them- 
felves, that even a foot or ten inches would have made fo re¬ 
markable a difference in the fituation of the next picket as 
could not have palled unobferved. Befides, in returning with 
the glafs rods, after palling the Staines Road, the meafure- 
ment was gradually found (without any leap whatever) to 
over-lhoot the pickets, and at laft over-reached the fouth-eaft 
pipe by 17.875 inches. I am therefore inclined to believe, 
that the difference arifes partly from what may have been loft 
by conftantly butting one rod againft the other, whereby the 
end of the 1370th did not reach fo near to the north-weft pipe 
as it ought to, and would have done, if the rods had been 
applied to each other by coincident lines. It muff, however, 
be confefied, that the near agreement between the glafs and 
deal rods in the upper part of the heath feems not perfectly 
reconcileable to this fuppofition. Neverthelefs, the defcent 
being quickeft, and the irregularities of the furface much 
more conftderable in the lower than the upper part, might 
produce lome effeft in one which did not take place in the 
other. But the chief part of the difference I take to have pro¬ 
ceeded from over-rated expanfion; that is to fay, the rods, 
when brought into ufe, eontradded fooner than we imagined, 
and thereby gave a Ihorter meafure than what was affignable 
go them from the mean of any two or more comparifons. 


The 
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The laft day of Auguft was employed in difcharging the 
party, and removing the various parts of the apparatus to 
Spring-Grove Houle. 


Description of the M'tcrofcopic Pyrometer^ made ufe of for deter¬ 
mining by experiment the expanfon of thri metals concerned in 
the meafurement of the Bafe, Tab. XX, 

Having, in the preceding part of this Paper, given a very mi¬ 
nute account of the actual operations in the field, that the 
Public, being thus informed of every circumftance, might be 
the better enabled to judge of the accuracy of the refult, it 
remains yet to point out, in what manner the equations for 
the expanfions of the ftandard fcale, fteel chain, and glafs rods, 
applied to the apparent meafurement of the bafe, in leveral of 
the preceding notes, have been obtained by means of experi¬ 
ments with the pyrometer. 

It is fufficiently well known, that many years ago, a very 
ingenious and valuable Member of this Society did publilh in 
the Philofophical Tran factions (vol. XLY 1 IL 1754, N° 79.) 
an account of experiments made with a pyrometer of his in¬ 
vention. No doubt was entertained of the accuracy of the 
experiments here alluded to; on the contrary, they will be 
confirmed by the account now to be given of thefe recently 
made, with which they very nearly agree. But as different 
pieces of metal of the fame kind are certainly fufceptible of 
different degrees of expanfion, it was judged beft, on the pre- 
fent occafion, to put rods to the teft of thofe very metals that 
had been made ufe of in the actual meafurement of the bafe,. 
7 For, 
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For, fuppofing both fets of experiments to have been made with 
inflruments equally perfect, and to have been in other refpe&s 
equally well conduced, this mull always be considered as the 
moft unexceptionable method. Befides, the expansion of rods 
of the length of five feet being afcertained, the unavoidable 
error of obfervations of this delicate nature, becomes leffened 
in proportion to the excefs of their length above Shorter rods. 
In thefe new experiments too, another fort of pyrometer, in¬ 
vented by Mr. Ramsben, has been applied, of fuch accurate 
conftru&ion that it feems not eafy to improve it. 

The microfcopic pyrometer, fo named becaufe, by means 
of two microScopes attached to it, the expanfion is meafured, 
confifls of a Strong deal frame five feet in length, nearly 
twenty-eight inches broad, and about forty-two inches in 
height. The elevation of the eye-piece fide, or that which 
prefents itfelf to the obferver, and alfo of the micrometer end, 
or that which is towards his right-hand, as well as the general 
plan of the top, are reprefented by a fcale of one inch to a 
foot, or one-twelfth part of the real dimenfions, in tab. XX. 
where likewife may be feen the angular view of the fixed end, 
together with plans, fe&ions, and elevations, of feveral of the 
principal parts, done to larger fcales. From thefe, it is hoped, 
the conftru&ion of the machine will be eafily underftood, 
without entering into a minute defcription of the almoft num¬ 
ber lefs fmaller parts whereof it is compofed. 

On the top of the frame, two deal troughs, upwards of five 
feet in length, are firmly fcrewed. That towards the obferver 
overhangs the frame fomething more than an inch: that on 
the farther fide is even with the back part. Each of thefe 
troughs, which are about three inches fquare in the infide, 
contains a caft-iron ftandard prifm, whofe fides are 1 \ inch. 

The 
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The manner in which the prifms are fallened to the bottoms of 
their rel'pedive troughs, and the nature of the apparatufes they 
carry on their extremities, will be readily conceived, by refer¬ 
ring to the particular plans and elevations of them, compre¬ 
hended in the group of eight fmall figures towards the right- 
hand of the general plan. Four of thefe appertain to the left- 
hand or fixed microfcope; and the other four to the right-hand 
or micrometer microfcope, fo diftinguilhed becaufe it has a 
micrometer attached, to it. By means of the brafs collars 
which embrace the prifms, their left-hand or fixed ends are 
lcrewed down extremely faft to the brafs pieces whereon they 
reft, fo as to be perfectly immoveable there with regard to 
their troughs; whereas their right-hand ends are kept eafy, 
yet without fhake, in their collars, that they may con trad or 
lengthen freely as the temperature may require, without occa- 
fioning any ftrain upon the parts. The prifm in the neareft 
trough may be called the eye-piece prifm, becaufe it carries the 
eye-pieces of the microfcopes; and that in the farther trough, 
the mark prifm, becaufe it carries the marks or crofs wires at 
which the microfcopes relpedively point. The troughs are 
covered with pitch in the infide, to make them hold water; 
and each has a cock in the left-hand end for difcharging it. 

Between the two deal troughs, one of copper, as a boiler, 
is placed, fomewhat (horter than the former, but ftill upwards 
of five feet in length. It is about 2\ inches broad, and 3! in 
depth. The center of the boiler, or rather the center of the 
objeft lens which ftandsin it, as we (hall have occafion foon to 
point out, is diftant from the crofs wires of the mark 5.81 
inches; and from the wires of the micrometer attached to the 
correfponding eye-piece 20.33 inches. The boiler refts on five 
ftnall rollers, one being fixed to each end, of the frame, and 
Vol. LXXV. P pp the 




$he other three to the braces which run acrofs it. . This cop* 
per trough has lifcewife a cock in the left-hand end; and in 
the general plan a caff iron prifm is reprefented in it; but this 
lafl carries no apparatus, as thofe in the wooden troughs do, 
being exactly of the length of five feet, and only placed there 
as one of the rods whofe expanlion was - tried, and to fhew that 
the machine was capable of receiving a rod of that weight 
arid magnitude. 

By referring to the general plan it will be feen, that twelve 
lamps are made ufe of; to .bring the water in the copper; toboih 
They Handon four fhelves, three incachiconapiartment formed 
by the erofs- braces of the frame. They can readily be pulhed 
forwards, or drawn backwards, and when actually in ufe, their , 
handles are only feen, proje&ing from under the copper. Ift 
was found, by burning oil in the lamps, the heat of the water* 
could not be raifed above 209° or 210° ; but with , fpirits o£i 
wine it was brought into violent ebullition. The plan of the 
frame likewife {hews, that the tubes of the microfcopes are 
fub-divided into feveral dilMiuft parts t and that, one of thefe 
parts is attached by a collar to a mahogany prifm* which reaches 
from one end to, the other. But the ufe of thefe contrivances. 


it will be he ft to defer fpeaking of, till after having defcribed 
the apparatufes that are placed within the copper boiler. 

At the bottom of the plate the boiler is reprefented,, both in 
plan and longitudinal fe£lion, to a fcale of one-fourth part of 
its real dimenfions. It contains within it two brafs Hides, the 
one long and the other fhort; which, from the braces that 
bind the cheeks together, very much refemble the form of a 
ladder. The long Hide, whofe cheeks are i| inch deep, 
reaches almoft the whole length of the copper, although, every 
where unconne&ed with it except at the points A and B. At 
1 tire 
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<the firft of thefe, two ftrong pieces of brafs, fixed'to the cheeks* 
and notched underneath, embrace the ends of a brafe cylin¬ 
drical barifaftened to the bottom. At the laft, the cheeks of 
•the Aide reft on a roller. Whence it follows, that the copper and 
tflide remain immoveable with regard to each other at A; but 
from thence, towards either end, they have foil liberty to 
change place; that is to fay, to expand by heat, or contract by 
cold, in any proportion their different natures may require. 
The left-hand end of the Aide is Aiut up by a ftrong perpen¬ 
dicular piece of brafs, Connected with the two Ade rings which 
fupport the object lens of the fixed microfcope, whofe center 
correfponds accurately with its inward face. This piece being 
firmly fcrewed to the checks of the Aide, and counter-arched 
outwardly, forms a ftrong butt for the fixed end of the ex¬ 
panding rod (foppofed here to be the fteel bar) to aft againft. 
Within the right-hand end of the long Aide, refts a fhort one 
of about 14i inches in length, whofe cheeks are i j inch deep. 
Its outward end, at C, refts on the cylindrical furface of the laft 
brace of the long Aide, fitted purpofely to receive it ; while a 
narrow longitudinal bar fixed in its inward end, at DE in the 
feftion, moves freely in the notch of a bridge F, framed for it 
in the long Aide. The outward end of this ftiort Aide is flint 
up in a fimilar manner with the oppofite end of the long one. 

This end-piece is alfo connefted with the two fide rings 
which fupport the tube containing the objeft lens of the mi¬ 
crometer microfcope, whofe Center is perpendicularly over its 
inward face, and being fortified outwardly by an edge bar, it 
forms a butt for the expanding end of the rod that is in experi¬ 
ment to pufii againft. By attending to the plate it will be 
perceived, that to this end of the boiler a brafs tube (R) is 
fixed, which contains within it a brafs rod, furrounded by a 

P p p % helical 
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helicalfieel fpring j which a&ing upon a broad fhoulder'ofi the 
rod. prepared; for the purpofe, thereby preffes its inward end, 
which enters the boiler* againd: the perpendicular*, furface of 
the end-piece of the fhort Aide,. Thus, the farther end of rthe 
rod in experiment, fuppofed now to be. in its con traded hate, 
is confiantly made to bear again ft the'furface that is under, the 
fixed mierofcope. But on the application oft heat, the irre- 
fifiible force of expanfion in the .rod*obliges the. fpxing.to give, 
way;; the fhort Aide changes its place, and with it the objed 
lens of the micrometer'mierofcope moyes- on a ipace propor¬ 
tionable to the degree of heat that, is applied; and.it.is this, 
diftance, meafured by means of the micrometer,, as hereafter 
will be fhewn, that determines the quantity of'expanfion,. or. 
the fpace by which the rod has lengthened. From the plate, 
it will* be further obferved, that the rod in experiment re As on 
the furfaces of three rollers, about;an inch in diameter; and 
by means of three pair of milled-headed. nuts if inch in dia¬ 
meter, which move on axes that are formed into ferews,. until- 
they almoA touch the fides of the rod, this is kept in its true 
centrical pofition, whatever may be its form or lateral: 
dimenfions. 

The mierofcope towards the* left-handFas been denominated 
fixed, becaufe it correfponds with the firfi or fixed end of the 
rod in experiment, and never changes its place while thefe are 
of the length of five feet. But it appearing to be of confe- 
quence, that the expanfion of the Aandard brafs fcale, which 
is not quite forty-three inches long, Aiould be determined, the 
pyrometer has therefore been adapted, for the reception of any 
rods lefs than five feet,whereby it is made more univerfallyufeful. 
For this purpofe it becomes necefiary to move the marks and 
eye-pieces of the fixed mierofcope, along their refpe&ive prifms, 

to 
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tt> t-He proper pofition for the rod that is to be tried. Neverthelefs 
the obje& lens remains in its original place; and in its ftead 
another lens,- of the fame focal- diftance, is fixed on a fimilar 
end-piece, that can be firmly clamped to any correfponding 
place whatever of the cheeks of the long Aide. Hence will 
appear the reafon for breaking the fcreening tubes of the mi- 
crofcopes into feveral parts, and the ufe of the mahogany prifm, 
along; which the thick part of the tube moves from one end to 
the other. 

The pyrometer, fince it was fir ft made and tried, has under¬ 
gone feveral fmall alterations, by way of improvements, which 
it is now unnecefiary. to defcribe particularly. One of thef© 
was the application of crofs levels to the parts of the tube (SS 
in the general plan) connected with the object glalfes. The 
manner in which they are fixed on will appear from the re- 
prefentations of them in the lowermofl: left-hand angle of the 
plate. And the fe&ion at the right-hand angle ffiews the ap¬ 
pearance of the double brafs hook, univerfal joint, and milled- 
headed nut, applied acrofs the middle of the boiler (at TU) 
whereby tire levels are. brought to be confident, when the. water 
is boiling, with the pofition they had been adjufied to when 
the temperature was at freezing; that is to fay, they are kept 
parallel to themfelves in both ftates. This was,thought necef- 
fary, becaufe the application of the boiling water funk the 
middle of the Aide a fmall matter; and thereby made the levels 
run outwards.. 

The micrometer fo often mentioned, being a very effential 
part of the. machine, is reprefented both in elevation and hori¬ 
zontal feclion to the full fize. Its chief parts coniifi; of a mi¬ 
crometer fieel ferew, which worlsS in the fquare nut of a brafs 
Aide, while the plane part of it enters into a long brafs focket, 

nicely 
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nicely ground to receive it, and therebypreventing alllhake. 
To the fquare nut, one end of a watch-Chain is attached ; the 
other end having palled around is fixedfto a barrel, which con¬ 
tains a watch fpring coiled up "in the ufual manner. By this 
contrivance, any lofs of time in the motion of the moveable 
wire, fixed to the fquare Aide, is effectually prevented, whe¬ 
ther the fcrew be turned backwards or forwards. The fixed 
wire, fo called becaufe it is only made ufe of occafionally, ap¬ 
pears in the elevation to the left-hand of the former, and is 
farther removed from the obferver, being attached to the oval 
Aide which bounds the field of the micrometer. This wire 
as moved by the insertion of a milled-headed key (although not 
reprefertted in the plate) fitted to flip upon the fquare end of 
its proper fcrew, which may be feen, in the elevation, projedirig 
above the micrometer head. It has but little motion, being 
only intended for the meafurement of fmall differences of *fex- 
panfiqn, or any fmall fpace, by leaving it there, -while the 
other wire is repeatedly brought to coincide with, and again 
depart from it. Tor particular purpofes this wire may be ufe- 
ful; neverthelefs, the inflrument would have performed very 
well without it. - 

The conftrudion of the microfeopes will be readily un¬ 
der flood, by referring to the figures under that head on 
the right-hand fide of the plate; where the relative fixa¬ 
tions of the different eye-glafles, with regard to the wires 
or place of the magnified image, as well as to the eye, are 
truly reprefented in their real dimenfions; but the diflances 
from thefe to the objeifl lenfes and marks refpedively, are con- 
traded ©r broken off, from want of fuffeient room to delineate 
them Otherwife. Toincreafe the angle of vifion in microfeopes, 
it is always necefl'ary that they fhould have at leaft two eye- 
glaffes, and the fixed microfcope in the plate fliews them in 

their 
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rffeir ufual pofition, the image from the object lens there being 
fermed between the two* that the difperfion of rays in the firlt 
may be corrected by that of the fecond. But although this con- 
flruCtion ferves perfectly well every purpofe of the fixed micro- 
fcope, yet it could not anlwemn the moveable one, to which the. 
micrometer is-attached;. where equal parts of an image, or their 
motion* are to be meafured by the equable motion of the'ob* 
jeCt lens* as (hewn* by the micrometer: for in that cafe, the 
interpolation' of an* eye»glafs before the image was formed, 
would not only have diminifeed its fize, and thereby rendered 
the meafure lefs'accurate j: but likewise,, by refracting the 
oblique pencils- more than thofe nearer the center* it would 
have deftroyed the equality of the feale, and made equal parts 
of the objeCt itfelfi to have been reprefented unequally in the 
magnified image,, and confequently erroneoufly meafured by 
unequal parts*, of the micrometer* It was to remedy a defeCt 
of this fort? that Mr. Ramsden propofed his new lyfiem of 
eye-glaffes* defcribed in. the Philofophxcal TranfaCtions, vol. 
liXXIII. iy%, N? 5.Ands he has here applied, that- fyftem 
in the confiruCtion of the micrometer microfcOpe;; where it 
will be perceived, that bothiglafifes hand between the eye and 
the image,, whereby the greater magnitude of this laft is ob- 
vioufiy preferved* a swell as <the juft fimilarity of all its parts 
to thofe of the objeCl itfelfi 

With regard to the feale of the pyrometer, ,it is, in the firft 
place,to be obferved* that,the head of the micrometer ferew, 
which is nine-tenths of an inch in diameter, is divided into 
fifty equal * parts,, each * of which* being reckoned * two-, it- is 
therefore numhered to 100. Bifty-five revolutions of the* 
head,, being equal to 0.77175. of an inch, as meafured with 
great accuracy by Mr* Ramspen/U feraight-line engine,.. k 

follows, 
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follows, that there are 71.27 threads of the fcrew in an inch 's 
that feven revolutions and nearly T ‘ v s ff th parts move the wire of 
the micrometer one-tenth of an inch; and that -r-^-g-th part of 
a revolution, or half a divifion, anfwers to a motion of fome- 
thing more than 0.00014 of an inch. 

Having thus obtained the number of revolutions and parts of 
the micrometer (7.13) correfponding to one-tenth of an inch at 
the wires, it is fufficiently obvious, that the number anfwering 
to one-tenth LM at the mark being likewife obtained, and 
added to the former, their fum will give the meafure of one- 
tenth at the objedt lens, or the fpac-e by which the expanding 
rod has lengthened, as fhewn by the motion of the lens from 
0 to :p. This meafure of one-tenth of an inch at the mark 
was alcertained in two different ways, and the refults exactly 
agreed with each other. In the firft place, a very thin ivory 
Hide, whereon feVeral twentieths of an inch were nicely divided 
by exceeding fine lines, was prepared, and made to move in the 
mark where the brafs Hide now exifts. A candle being then 
placed behind it at night, while the pyrometer flood within 
doors, and the micrometer wire being repeatedly moved by the 
fcrew, its coincidence with the lines was diftitidily feen through 
the ivory; whereby two of the fpaces were found to be mea- 
fured by 24.93 revolutions °f the head. The fecond method 
was, by means of two exceeding fine wires placed parallel to 
each other on the brafs Aide, where they now remain, at the 
diftance of one-twentieth of an inch on each fide of the inter- 
fedlion wires, as may be feen by obferving the real mark, or 
rather its magnified image, as fhewn in the oval .field of the 
micrometer, in the central figure of conftrudlion. The revo¬ 
lutions of the micrometer anfwering to the diftance between 
thefe parallel wires was, as before, found to be 24^93 » which 

being 
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being added to 7.12, we have.32.06 for the number of revolu¬ 
tions meafuring a motion of one-tenth at the object lens, or 
the expanfion of one-tenth. In this manner Mr. Ramsden ob¬ 
tains the fcale of his pyrometer in the eafieft and mod; Ample 
way imaginable, without any neceffity for knowing the abfo- 
lute diftances of the objeft lens from the wires of the mark on 
one hand, and -thofe of the micrometer on the other; diftances 
not eafily afcertained by actual meafurement, on account of 
the petition of that glafs in its cell, which cannot conveniently 
be come at. Thus, in tab. XX. as well as in the annexed 
figure, LM being the objedl at the diftance of 
the mark, equal to one-tenth of an inch; 
then ml will be its magnified image, in pro¬ 
portion to the former as mo is to oM. And, 
if through the point p , the place to which 
the objedl lens 0 has been carried by the mo¬ 
tion of the expanding rod, a line My be drawn 
parallel to L/, we ihall have ml— 24.93 -\-lq~* 

7.i3 = /«y = 32.o6, the number of revolutions 
of the micrometer meafuring op the expanfion. 

Having thus obtained the total number of 
revolutions correfponding to mq ; and having 
likewife meafured the total diftance m Ms 
26.144 inches, a fpace eafily afcertained be¬ 
tween the wires of the micrometer and thofe 
of the mark, the partial diftances mo and oM may then 
•be readily found by computation : for mq : ml :: mM : mo=z 
20.33 inches; and mq : mM op : oM= 5.814 inches. 

In order to finifh the defeription of the pyrometer, it is 
only neceflary to obferve farther, that the circular fcale, 
feen in the elevation of the micrometer, whofe zero ap- 
Vol. JLXXV. Q q q pears 
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pears to coincide with the dart on the plane part of the brafs s . 
is that which ferves by its motion to regifter the turns of the 
head. A forked key, fitted to enter the holes near the circum¬ 
ference,of the circle, is made ufe of for the adjuftment of- this 
Zero. The circle fllould never be turned backwards or towards 
the left, left the watch chain fhould thereby be thrown off the 
barrel, but always forwards or towards the right, even if it 
fhould be necefl'ary to move it almoft an entire revolutions, The 
zero of the head is that which fliould be firft brought to eor- 
refpond with its proper dart. They may be feen to coincide 
in the horizontal fedtion of the micrometer; and the departure 
of zero'from , this dart s indicates, by the number of divifions 
that are intercepted, the value of any fractional part. of. a, 
revolution,. 


Account of. the experiments with the Pyrometer „ 

Although the inftrument which I have Here endeavoured to 
defcribe was begun early in.the winter of 1784, yet it was not 
finished till the beginning of laft April; at which time it was 
brought to Argyll-Street, and being placedtruly level: on the 
ftone pavement of the yard, was covered with an oil-cloth 
canopy, that the experiments might not be interrupted by 
rainy weather. 

To fill the three troughs completely it required from twenty- 
five to thirty pounds of pounded ice, which was always put in with 
great care, fo as to apply as compadtly as poffible to the ftan- 
dard prifms and rod refpedfively, with but little common water * 

* When common, water was ufed, although not in any very confiderable pro¬ 
portion, the thermometer kept always half ? and fometimes three quarters* of'a 
iegree above 3^°, 
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at firft added ; it having been found in thefe experiments, that 
ice water only, fuch as drains from the ice itfelf, is that which 
fhould properly be made ufe of to mix with the pounded ice, 
in order to bring the whole mafs to the true freezing tempera¬ 
ture. Being at the commencement uncertain what time might 
be neceffary for the rods, efpecially when of fo large a fize as 
the ftandard prifms, to acquire the juft temperature of freezing, 
at firft the ice was put into the troughs over night, to prepare 
for the continuation of the experiment next morning. But 
after many repeated trials, this precaution was found to be 
needlefs; a quarter of an hour being more than fufficient to 
give fo all the freezing temperature, as well as to render the 
lens on the expanding rod ftationary, after the water fupplying 
the place of the ice had been brought fairly to boil. 

The inftrument, in its firft ftate, having in fome cafes made 
the expanfion appear to be progreffive, and not equable ; there¬ 
fore its rate was attempted to be afcertained by noting the pro- 
greffion anfwering to 6o°, 120°, and i 3 o° above freezing. But 
when the inftrument was rendered perfect, and that no fenfible 
difference was found between the expanfion at the lower and 
that at the upper part of the fcale, a fair mean being taken be¬ 
tween its afcending and defcending rates, and allowing for the 
difficulty of keeping the water, for any length of time, pre- 
cifely to the fame intermediate heat; then this tedious mode of 
conducing the experiments was given up, and the expanfion 
for 180 0 was at once determined by bringing the water to boil 
around that rod, which but a little before had been lying in 
melting ice, and which the ftandard prifms ftill continued to 
do throughout each experiment, care being taken to have a 
fupply of pounded ice always ready to keep thefe two troughs 
quite full. 


Q.qq 2 


Two 



474 - Major-General Roy’s Account of' tfie 

Two obfervers are neceff'ary for the effectual application of the 
pyrometer. He who obferves with the fixed microfcope, takes 
care that its objedt lens is kept in its true place, that, is-to lay, 
that the wire in the eye-piece accurately biledts the interfedtiom. 
wires of the mark. This he is enabled to do by means of the 
apparatus attached to the fixed: end of the boiler;,, as willsbe beft 
conceived by obferving the plan (at WX) along with the ele¬ 
vation of that end placed near it. The apparatus eonfifts of 
two milled-headed fctews, working in brafs plates fattened to 
the end of the frame, and adling againft? a fmall cock which 
projects from the lower part of the boiler, whereby this laft 
receives fuch longitudinal motion to and fro on its rollers, as 
is fufficient for the adjuftment of the lens. He who obferves 
with the micrometer microfcope,. having brought the zero of 
the micrometer head to its dart, as fttewn in the horizontal 
fedtion, and alfo the revolution zero to its dart, as reprefented 
in the elevation, takes care, when the rod has acquired the 
freezing temperature, that the micrometer wire bifedts the in- 
terfedtion wires of its proper mark. This he effedts by work¬ 
ing with the milled-headed fcrew, reprefented in the plan and 
elevation of that mark, whereby the mark itfelfi is moved 
until the bife&ion is accurate ; and during the whole of this 
time, the fir ft obferver muft be extremely attentive to keep his- 
lens adjufted. 

One afliftant at leaft is neceffary, who takes his ftation on 
the oppofite fide of the. pyrometer, to obferve the levels, and 
keep them adjufted, by means of the double hook applied near 
the middle of the boiler, and reprefented in the fedtion on the 
line TU, at the lowermoft right-hand angle of the plate. 

The pyrometer having been adjufted in the manner here de- 
feribed, by giving fufficient time for the ftandard prifms and 
j rod 
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nod'to contrail to the true freezing temperature, as was eafily 
Known by the wires becoming perfectly fixed and flationary 
with regard, to the marks; the ice was then removed from the 
copper trough ; and the fame being filled with water nearly on 
the boil; the ebullition was completed, and kept up, by means 
of the lamps now lighted for. the purpofe,,, and flipped in 
underneath. 

The expanfion, anfwering to the 18o° between freezing and: 
boiling, was now meafured by working with the micrometer, 
fcrew until the bifedlion * of its wire with thofe of the mark 
was again completethe obferver at the fixed microfcope taking; 
alfo efpecial care all the while to keep his bifedtion perfectly, 
accurate. The number of revolutions, regiflered by the num¬ 
ber of entire divifions that the zero of the circular fcale had 
departed from its dart or index, and alfo the value of any frac¬ 
tional 1 revolution, regiflered by the divifions on the head in¬ 
tercepted between zero and its proper dart; were then noted, as 
exprefied in the firfl column of the fubjoined table of experi¬ 
ments; which requires no other explanation than what is 
therein inferted,. and which has- been , extended'purpofely to 
fhew at one view, from infpe&ion only, how much the length 
of our bafe would have been affedled, if meafured by thefe 
metals refpe&ively, in temperatures between 3,2 5 and 6z p . 

All the experiments were repeated at leafl-twice, and feme 
©f: them three times, except the flandard fcale and glafs pen- 

* This,bife£tion of the wires may always be made to a great degree of precis 
lion, by one with a tolerably good eye, and aecuftomed to obfervations -of this fort, 
I:have myfelf repeatedly adjufled the wires eight or ten times running, .allowing 
another perfon to read off andmnadjufl each time, .without the mean difference- 
exceediEg one^fourth of a divifion of the beach which is only part of an 

kch„. 


(dulum 
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dulum rod, whofe expansions were only tried once. The dif¬ 
ference of a few divilions between the mean and extremes on 
the heat of 18o° being, in things of this fort, of no importance, 
it was judged wholly unueceftary to aim at a greater degree of 
precifion in repeating them oftener. By referring to the table, 
particularly that column containing the expansions on one foot 
by i‘8o°, it will be perceived, that they are uniformly a fmall 
matter lefs than what has been affigned to the fame metals 
relpedtively, in the experiments formerly alludedto. 

Ultimate determination of the length of the Bafe on Hounflow- 

Heath. 

In the former part of this paper, we have had occalion 
to fpeak of the feven firft columns of the general table 
of the bafe; and the titles at the tops of the others re¬ 
spectively ferve fufficiently to explain thofe towards the right- 
hand ; the expanlion of glafs above, and its contraction below 
62°, contained in the eleventh and twelfth columns, being 
deduced from the recent experiments with the pyrometer. 

Feet, 

The hypothenufal length of the bafe, as mea¬ 
sured by 1369.925521 glafs rods of twenty feet 
each +4.31 feet, being the diftance between the 
laft rod and the center of the north-weft pipe, has 
been (hewn to be - - - 27402.8204 

The reduction contained in the feventh column 
of the general table to be deducted is , 0.0714 

Hence the apparent length of the bafe, reduced 
to the level of the fouth-eaft extremity, becomes 27402.7490 

The 
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The apparent length is to be augmented by the 
excefs of the expaniion above the contraction of 
the glafs rods, contained in the thirteenth colunpn 
of the general table = 4.1867 inches,, reduced to 
the heat of 62°, as has been ufuallydone in former 
operations of this nature . . 

The apparent length is farther to be augmented 
by the equation, for 6° difference of temperature of 
the flandard brafs fcale between 62° and 68% this 
lafl being the heat in which the lengths of the 
glafs rods were laid off = 20.3352 inches, as de¬ 
duced from the experiments with the pyrometer 


Feet, 


O.'. 


Hence we have the correct length of the bafe in 
the temperature of 62° reduced to the level of the 
lowermoft extremity near Hampton Poor-houfei 27404.792*5 
This laft length requires yet a fmall redu&ion 
for the height of this lowermoft end above the 
mean level of the fea, fuppofed to be fifty-four 
feet, or nine fathoms, „„ , 0.0706' 

Hence the true or ultimate length of the bafe, 
reduced to the level of the fea, and making a por¬ 
tion of the mean, circumference of the earth,, 
becomes . . . 27404.721,9? 


As feme fmall degree of uncertainty remains with regard to 
this laft reduction, it may not be improper to fay yet a few 
words on the principles that have been adhered to in making 
the computation. It will be remembered, that the meafure¬ 
ment was made 3I feet above the furface of the heath * that 
being the height of the ftands whereon the rods were placed j 

and. 
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and that the .telefcopic fpirit level gave a defcent of 36.1 feet 
from the lowermoft pipe to the furface of fummer water in the 
Thames at Hampton. The accurate feTion of the river lately 
publifhed, gives a fall of 13.33 feet from Hampton to the level 
of low water fpring tides at Ifleworth.' Now thefe three being 
added together, we have nearly 'fifty-three feet for the height 
of the bate above Ifleworth. Having had no immediate means 
of determining what real difference there may be between Ifle¬ 
worth and low water fpring tides at the mouth of the Thames 
(for inftance at the Hope or the Nore), I have fuppofed that 
fall to be about ieven feet, fo as to make the total defcent fixty 
feet. Now, fuppofing the fpring tides at the Nore to rife eigh¬ 
teen feet, if, according to Nf. de l a Latoe’s method, we de- 
du£t one third of eighteen, viz . fix feet from fixty, we fhall have 
fifty-four feet, or nine fathoms, that the mean furface of the fea is 
below the meafuredhafe. Whether this conclufion be perfectly 
accurate or not is of no moment, fince a whole fathom of 
difference (and I apprehend we are not farther from the truth) 
does not vary the reduction quite one-tenth of an inch. The 
reduced bafe has therefore been found by the following ana¬ 
logy: as the mean femi-diameter of the earth (fuppofed here 
to be 3492915 fathoms) augmented by nine fathoms, is to the 
mean ferni-diameter, fo is the meafured bafe 27404.7925 to the 
reduced bafe 27404.7219 at the level of the fea. It will 
doubtlefs be allowed, that infinite pains have been taken in the 
field and otherwife, throughout the whole of this operation, to 
obtain a juft conclufion ; but as the moft accurate meafurement 
imaginable is ftill more liable to err in excefs than in defeft, we 
will throw away fome ufelefs decimals, and eftablifh the ulti¬ 
mate length of the bafe at 27404 feet and feven-tenths. 


General 



■Major-General Roy’s Account of the Meafurement of a Bafe on Hounflow 


General Table of the Bafbj fhewing the relative heights of the Stations above the fouth-ea 
Poor-houfe, the Reduction of the Hypothenufes, and the Correction for the Temper; 
whence the true length is obtained in the heat of 62°. 
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e 62° below 62° Difference. 

pt. len^.—appt. leng. 


tes. Inches. Inches. 


Correct length 
of the bafe. 


-*0.1024 
*-0.0465 1 


-0.0403 


• 0.0869 
-0.1799 
-0.1551 


-0.0869 


-0*0155 
.0.0807 
-0.1985 
-0.2140 
-0.1830 
-0.1117 
-0.1179 
-0,1458 









Third or noi 
flde of the S 
the Colabro< 

43 

44 

45 

46 

400 ft. 

I*S 6 S 

X.485 

0.24 

1.26 

V * i 

28.28 V 

29.765 

30.005 

31.265 

12*130 

0.002049 

0.001845 

0.000055 

0.001973 

3 ° 

30 

30 

20 

58.2 

57-3 

60.8 

6 S -3 

- 3.0 

- 3-8 

- 4 7 

- 1.2 

+ 3-3 

+0.0682 



40.44 

9 * 1 7 S 

31.265 

31.265 

0.071401 

1369 + 
.925521 



+ 5.9890 


I Hypothenufal length of the bafe containing 1369.925521 glafs rods of twenty feet each +4.31 feet, 
I Reduction contained in the feventh column to be fubtradfed, - - 


Total apparent length of the bafe reduced to the level of the fouth-eaft extremity, .. _ 

Add to the apparent length the difference between the expanfion of glafs above, and the contra&ion of 
contained in the thirteenth column=4.1867 inches = - - - _ 

Add further to the apparent length the equation for 6 ° difference of temperature of the ftandard brafs fcale bet' 
68 % the heat in which the glafs rods were laid off “20.3352 inches, = 

Correct length of the bafe in the temperature of 62°, reduced to the level of the loWermoft extremity, 
Reduction for the height of the lower end of the bafe above the mean level of the fea, fuppofed to be 54 feet < 

True length of the bafe reduced to the mean level of the fea, - 


Vol. LXXV. 


R r r 


.0682 

' ■ ' 

— 0.1117 
—0.1179 
-0.1458 
-0.0372 



.9890 

—1.8023 

-I-4.1867 


- 

* * — 

27402.8204 

0.0714 

iion of it below 62°,\_^ 
fcale between 62° and j 

* . - j + s 

27402.7490 

0.3489 

1.6946 

54 feet or 9 fathoms ~ — 

27404.7925 

0.0706 


- 

— 

274O4.72I9 
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Table of the Expanfion s of Metals, deduced from experimenl 


Defcription of the Metal Rods put to experiment. 



Standard brafs 
fcale. 


Englifh plate 
brafs, inform 
of a rod. 


Englifli plate 
\ brafs, in form 


Suppofed to be Hamburgh plate brafs ; length 
42.187 inches, or 3.568 feet; breadth 0.55 j 
inch; thicknefs 0.25 inch; and weight 1 lb. 1 
10^ os. Its expanfion was meafured by 25.47 
revolutions of the micrometer; wherefore that 
on five feet would have been meafured by - 
r Length five feet; breadth 0.9 inch; thick- T 
j nefs 0.15 inch; and weight 2 lbs. 5§ oz. I 
j Difficult from its thinnefs to be kept free from j 
l warping, - - J 

r Length fiye feet; breadth 1.4 inch; depth 1 


Iftev.Pts. Parts. 


of a trough. 


Steel rod. 


Caft iron 
prifm. 


Glafs tube. 


Solid glafs rod. 


r JLengtn tiye teet; Dreacitn 1.4 men; depth 1 
< inch ; weight 8 lbs. 3 oz. Perfe&ly ftrongand > 
*-ftraight, - - - J 

r Length five feet; breadth 0.5 inch ; thicknefs 
j 0.3 inch; weight 2 lbs. 7I oz. Made from the i 
** very fame bar with the chain, - - J 

f Length five feet; each of its fides ij inch ; 

1 and weight n lbs. 9 oz Cut from the fame > 
'•rod with the ftandard prifms of the pyrometer, J 
r Length five feet, Tooths- inch diameter; 

| weight 1 lb. 13I oz. Drawn from the fame i 
^ pot of metal with the meafuring rods, - J 
r Length 40.44 inches, or 3.37 feet; mean dia- ^ 
i meter fix-tenths;of an inch; and weight 1 lb. * 

, ’ 2 oz. It had been applied for feveral years to a i 
clock. Its expanfion was meafured by 10.46 f- 
revolutions of the micrometer; wherefore that j 
on five feet would have been meafured by - J 


Attual expanfion in parts of 
inch by 180V the revolutic 
being divided by 32.06. 


Onj fe^t.j On 1 foot. lOn ioo 


i9<$& 




• 2 . 1 %% 










Meafurement of a Bafe on Hounflow-Heath 


;riments made with the Microfcopic Pyrometer in April 1785. 


parts of an 
revolutions 
>6. 

By 

i° of Fahrenheit the expanfion Is 


Safes of 

27400 feet of thefe me tax., 
would expand. 

Omoo ft. 



100 feet. 

400 feet. 

600 feet. 

1000 ft. 

By i°. 

By io°. 

By 20 0 . 

By 30°. 

In. 

In. 

In. 

■ 

In* 

In. 

In. 


In. 

In. 

in. 

In. 

2.22646 

0.000x237 

0.001237 

; 

0.01237 

0.04948 

0.07422 

0.1237 

3-38938 

. 

33-8938 

67.7876 

I0l,68l4 

2.27136 

0.0001262 

0.001262 

0.01262 

. 

0.05048 

0.07572 

0.1262 

3.45788 

34-5788 

69.1576 

103.7364 

2.27386 

0.0001263 

0.001263 

0.01263 

0.05052 

0.07578 

0.1263 

3.4606a 

34.6062 

69 2124 

103.8168 

1.37368 

0.0000763 

O.OOO763 

0.00763 

0.03052 

0.04578 

0.0763 

2.09062 

20.9062 

41.8124 

62.7186 

1.33126 

0.0000740 

O 

O 

O 

O 

d 

0.00740 

|- ■ . 

0.02960 

0.04440 

0.0740 

■ 

2.02760 

20.2760 

40.5520 

60.8280 

0.93138 

0 0000517 

0.000517 

0.00517 

1 

; O.O2068 

0.03102 

0.0517 

1.41658 

14.1658 

i 

28.3316 

42.4974 

; ' \ 

0*96944 

0.0000539 

\ 

i 

0.000539 

0.00539 

O.O2156 

0.03234 

°.°539 

1.47686 

14.7686 

29.5372 

44-3058 7 
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For the DESCRIPTION and APPLICATION of the 
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f the Steel Chain. 



Apparatus for 
the laft End 
of the Chain. 














































































































Sxitodivifum ( 















































































































































For tfoe BESCRIPTION and APPLICATION of the Beal RODS See 



divifum of tiie Ground, of one Hjpoth.eu.iife of 600 Feet into $0 Rod L engths, and. method of tracing the Line through the u 
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B onin-jr Rod. 


j Painted Board. 
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Elevation of the fixecl end of theBofl.ev. 
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jncn.il Tnbtc of fhe Bale, lh swing rhe relative heights of the Sections above the ibuth-crifi extremity near Hampton 
t*oor-houf<S, the RethtiSioji of thu Hypothcmifes, and the Correftion for the Temperature of tlm Glafs Rods; 
whence the true length is obtained hi tire heat of 62 °* 


TempCTatUrt, 


Correflson for Ttmp^rtTurc 


Number 
of rods, 
twenty 
feet each, 


Total afcent 


Qbterved 

of 

&0 therm 


I IviCdS 
ut deleft 
from fo". 


Seft ions 


[Jiflerenc* 


ions, 


Feet. 
O. 0 C 331 2 

0.001875 
0.003875 
0.006*88 
o007114 
D.o<W4Sqi 
0.000825 
0.0070*5 
0.000395 

th.0M5*0 
o.OooOOg 
0.001 its 

0.0005}; J 


filches. 

+ 0^909 

+ 0.5801 
+0.5770 

ii-o.jjai 

+ 0.0ifi6 


inches 


+ 0.0405 
+ 0.0651 
+ O.I4S7 
+ 0.2606 
+ 0.245* 
+0,0117 


0 . 00*745 

0.000191 
0.0012 ia 
0.000573 

• 0.01445c] 
0.0001*9 

; 0.000036 
0.003912 
o-OOT+52 
0.000135 

• O-OCOyto 
0'0002 d 8 

^0.000063 


+0.0372 
+ 0.3171 
+0,2813 

+ 0.1047 

+0.0465 


0,000214 

O.DOQDJ^ 

0.00H2H 

C.00002& 

0.000024 

O OOQO19 
0.00302 4. 

0.001228 

0.001*53 

0.004571 

0.000985 

O.aCO 192 
0.00023$ 
0,001341 
o.ooi 163 

O.QOOQ 

O.OO 504 g 

O.QQIB45 

0.000555 

0,001973 


+0,0682 


,923521 


HyricrthcnulaL length of ths btift containing 1369.915521 gEnTi rods of twenty foeteacEi + +jt fcet, 

ReduO-ion contained in tLe fevecith column to be Jubtrafted, - * - m _ 

TriTfll apparent lentil nf the tali reduced COllic level of the-foutli-eaft extremity,. - 

AdJ ta tIlc apparent length the difference between the expiation of glafji above, md the tontnft foji of it below *a' 
caisiaLrad in flic thirteenth column. =4.186? inches — - - - _ _ _ 

Add fun her to the apitirent length the equation for if' difference of temperature of the ftandard brafs teak between 62* an 
68 , die heat i it whictuhe glifa rods wene laid off =20. j3$a inches, 2= - _ . 

Correft Length of the bale in the lemperaiUrt of ta 71 , reduced to the level of the Toerernioft c*ttemity + m * 

Reduction for ihe height of the lower end of rhe (aft above the mean level of the fca r Luppofcd to lie 54 fcet or 9 fathoms 

True length of alic bate reduced TO the mean level of the tea, * * _ 


v»j,. 1;xxv. 
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Mdjcr-Cmiral Roy’s Account tf ihe Mcafurmtnl of a Bnfi cn Hoytsflow-IIsitfi. 



Table of the Expatifious of Metals* deduced from experiments made with the Microfcapic Pyrometer in April i j-S^ 


levoliAtipra* and 
l-irtb nf rhe 
mtCIPn^Kr^ 
Lhe e^jsanfiun 
«n fire Fe*i> 


Aflisal flxpaftSfla m parts of an 
lilCh by lSo* + t]lC TTtvGEUtiWJS 

btbg divided fey j 


Defcription of the M^tii R^Js pul to experiment 


Standard brafa 
£ci!e. 


nets o .ec inch; and vveaghe -z Ifet. 5| o;, j 
Difficult front its thinuefa to be kepi free from f 
warping,. * * J 

Length five fclj breadth 1.4 inch.- depth c -, 
inch t weight 3 lbs-. joz. Perfeftly fhotigand i 
ftriughl, * - - J 

Lcngib fiv? k?X\. breaJth 0.5 ineh ; th-eknefi , 
0-3 iueh ; bright £ Itw. ? | 0^ Made from die 1 
very fame I jar with it* drift. J 

Length five feet;, e*rh of ic? fides ij inch ; ^ 
arrd wt!ghfc n JL*, 9 ojt Cut from ihe fame > 
jod with the ftnndAf d ptiftn* of tfer py lometer, J 
Length five feet 3 -AWn inch iiamefer; v 
weight 1 lb. cz, Drawm ft$m die fame L 
pot cf raetal vvi th. d"ie mtafrtfing rtkl* B - J 
Lc n£th 40,4a. jaKLies P or 3.37 liei ■ mesn di*- -y 
mcrerfi^ntb of an inchj and weight 1 lb. 1 
* Mh 1 1 hid bee n appJie d tor fewrat year* to a t 
c!oelt_ lo eipanfton waa meafured bv 10.4b f 
Kwlufioni rtf the micrometer ; wherefore ihaf 1 
on five feet would twit been n leaf bred hy - J 


C.G7572 


0 , 03*7336 


D-OO740 


^-0093136 it? 


jbp 


0.009*944 0^4+ 


0,0000539 


□00 ft i 
1 

fiy i J . 

1 ' 

| By IO r 

By 2 C fl . 
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HOUNSLOW HEATH in Summer 1784 


PI,AN (hewing tin? fituaiion of die BASE meafured on 
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/w- Descrip tion and Application #/ /fa Steel Chain 




n*ri rf die- 1*1, \m\ Ibc- P« L ' a nripiiJ Rial*. 



• M 1 i IlMiUU JEHBEHHnn 

fflffgqMssrc : iWM.^wras-Tiy*>'• ■* w 3 ■;■ - " ■ * W 


■■ : - L - 















































































rht!<M. Tt-wt. Krf I, A Ad--, -fa]>, . 4%* 


Fa v i/x II ESC / W M T/OR ami APPLICATION of ti'r HEAL RODS kr 


i-;iLlaiqilTLi'ii.m gf ibf i.ir[>|i|ifi uf n*i* E[_r|i^ihcniifr 1 of ■fkw F«rri 3^ RoiL Lfitphd B xnd melting uf tmf-iiLg ih.r Lbhp ilLc-dU^ti iJl^- Aip hy ut-rijL* qF the 
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Ami&tri&A r $f *&t Gz.lSS Rons 


3 ? or rk^l-hAikci Hoil 


or IScwli 


tV i2> i h E KltTAJlfaUk Of 
She KnJ. a 


ftcnjfp Ihif' middle i?t L 1^-j- 
| -iif ihr rna.L iliiai rnlLipna . 


frd)fk% Ekrwlhxn irf" 

lliV n l i>rr* 1 J 17 >;.n it. 


Jh i|i ^-i luiii 11,+! ScctUni tHf lid m i>Fr*t 1 f > 1 11 ■! of ftie 
"! ] 1 jhH Lei itair -nr*! diniciflovip . 


Jjan^-ilicLUEU 
djl i^.’-il llOi iiL 


Ul-lx j^hJ duLI tflLl’-.-rii" 
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rtetv.rtvntJW. / AMT. TA^JS .^.A 


/'*>?■ ?A< Z)E£CRirT/O aV and USE of (he MfUROSCOPICPYROMETER 


€~{mSTRl?('Tt$y if fitf MtCROfCt'PKS 


Mprkp. r f pj fiR <t 


Elmt him i J ik.r M 4 -W«-fi#Krnd 


KlrrjilHLMh rf die !.■ 


/*{■ r-frYS rtWArf /T/. y+'-f I'/ i LV.f i / rffe 4/rffffJW iVHhiY' A'JTPi: -PffTt'EJ I f I^J.r 1 PV^/ JJVr-. 
r»n 3 MitP«rc#p# . MztHMlf I«V 


■Cvrwrid fifcfi uf iK- Tc^i 


r- 9 d--jLiun uf th* ^p»n 


i:t..i nrqfx JtoPfT 
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